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THE ACHIEVEMENTS OF NAVAL ENGINEERING 
IN THIS WAR* 


By Lizut. Compr. Winiam L. Catucart, U.S. N, RF, 


MEMBER. 


During these more than four years of war we have heard 
much in criticism of' the Silent Fleets—of the mute guns of 
that vast Allied Armada waiting tensely, like a crouching 
lion, for the German High Seas’ Fleet, which, save for its 
half-hearted ‘dash at Jutland, never came, until the ‘end in a 
surrender so ignoble that it sickened the’ héarts' of searhen 

And yet, notwithstanding these criticisms, the ex: Kaiser 
his craven commanders on land and sea; and now all Ger- 
many. know ‘that to those Silent Fleets is due primarily the - 
shattering of their dream of world. dominion—a dream whose 
realization. meant to us, and to our allies but world. despair... :: 

This assertion of the paramount, value of sea:power involves 
no_detraction from the honor fitly “due those, magnificent 
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allied armies, the white crosses of whose dead crowd all 
Europe. And it minimizes inno way the achievement of the 
superb troops of the’ American Expeditionary Force, who, in 
but half a year’s hard fighting’ against the flower of reread s 
armies, have won undying glory for our flag. 

But, predominating sea power was the foundation on whieh 
all of these victories on the land were based. From the begin- 
ning, the British Fleet attained the ultimate object of all sea 
warfare, in making impotent the enemy’s naval strength in 
surface warships—the only kind that count in the end—and 
that impotence has had a vital effect on.the conduct and suc- 
cess of the war we have waged. 

The reason is clear.. Every one knows now that an army 
on.the land or a fleet on the sea becomes helpless if its lines of 
communication with its base are cut. In this conflict, the 
Western front was the decisive theater of war. And for the 
allied armies on that front the ultimate bases of supply arid 
reénforcement lay beyond the sea—in Great Britain, her -colo- 
nies and Dominions; in India and Algiers; and, most impor- 
tant of all, in distant America. 

So; the absolutely vital lines of communication of those 
armies stretched like avast network across the Seven Seas; 
and, if Germany’s High Seas Fleet had been free to wreak its 
ruthless will, those lines would, have been quickly cut, England 
would have been isolated, America powerless ‘to aid, and, Jong 
before, we could have entered, it, the war would have: ended: in 
~ bitter tragedy, forall mankind that is worth while. 

OUR NAVY IN THIS WAR: 
While the defeat of ‘the Central Powers is thus due: pri- 


matily ‘to the early strength ‘atid’ ‘edtitinuous growth of the 
British fleet, our own Nay? has had a far from inconsiderable 
in the Atlanti¢ afid the North, White, and Mediterranean Seas, 
with the ships of the allied navies. On. the heli seas, 
wherever war clouds lowered, our flag flew. 


—RlsaL DRA NR ieumpemanalg 
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From the:very day:of America’s: entry into’ the wart our 
Navy grew by leaps:and bounds, until it became 600,000 men 
strong and operated about 2,000 armed vessels and transports: 
On December’1 we had»in European watets:a total of 338 
ships of all classes, carrying, 5,000 officers, and 70,000, enlisted 
men, all under command, of.Vice Admiral -Sims..: These ves- 
sels comprised : : 

First, a squadron of dreadnaughts in the North Sea; second, 
cruisers. serving: with the British in the White Sea, and, the 
North Sea, with the British and French, in the, Atlantic, and 
with, the French, Italian and Japanese in the Mediterranean; 
third, about,.a hundred | Destroyers, operating, from) several 
European bases; fourth, a swarm of submarine, chasers dash- 
ing, through British, French: and. Italian; coastal waters;/fifth, 
a flotilla of, submarines, engaged in hunting enemy; boats. of 
their'-own; kind; sixth, .a number, of.,small),patrol vessels— 
Coast’ Guard ‘ships, yachts, seagoing tugs-and the: like; and, 
finally, some, naval auxiliaries, such as mine ainsi anid ete 
and hospital ships. ir 

The story of that fleet of ours.in siete sitiagi seal mist- 
enshrouded seas, isa very noble one. in its record of unceasing 
toil, of daring and. self-sacrifice,. of the gallant deeds, of, the 
living and the, dead... But, it, cannot. be tally told .until..the 
censor’s ban. is lifted, £53! 

In, his annual, report, for,:1918, the Seta “ the Navy 
gives averages, aggregating 626,000 miles steamed: per month 
as an.indication of the work done by all classes,of U. S, Naval 
vessels, engaged in naval duties only, in European warjareas, 
During, April, May..and; June, 1918, our, destroyers, there:es- 
corted 121 troop-ship convoys, consisting of 775..vessels, and 
during the same; period. they, gave, similar, ities bs 471 mers 
chant convoys, aggregating, 1,763, ships...-.5.+) sq jlo» voit? 

But. the story..of, the; Navy.,in. this .war is. 5 very, far, Antes 
ending: } with the record of. its, ships in European; waters. ;..To 
meet the submarine menace, the United States Naval Cruiser 
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and Transport Service was organized under command of Vice 
Admiral-Gleaves. When the atmistice was granted, this force 
consisted of 24 cruisers and 42 transports, manned by about 
3,000 officers and 42,000 enlisted men of the Navy. — 


Of the total number of American troops transported to 
Europe, 46% per cent were carried in American ships, and of 
these all but 24 per cent were carried in U. S. Naval Trans- 
ports. In addition, ‘all troops transported in American ships 
were escorted by U. S. men-of-war. Admiral Gleaves’s force 
thus carried’nearly‘a million troops eastward across 3,000 miles 
of sea without the loss of a single soldier—an ‘achievemient, 
which; for rapidity of execution and the distance covered; is 
without parallel in the history of navies, During the last three 
months of the war, for every minute of the day and night, 
seven American soldiers, their equipment, and'the maintenance 
for them, arrived-in France.» As to all this, Admiral Jellicoe 
says that it was the assistance rendered by-the United States 
Navy which had made the convoy system possible, and that it 
was this system which had saved the situation. 

And finally, we have maintained also a huge Atlantic a 
under command of Admiral’ Mayo, whose vessels have‘hot only 
guarded our coasts and the near-by ocean Janes, but have 
formed ‘a great training school from which have come the 
picked men for European service, the gunners for many hun- 
dreds of merchant vessels carrying armed guards, and the 
crews for Army transports and for the Naval Overseas Trans- 
portation Service—that is, the vessels built by the ie Emergency 
Fleet Corporation. 

“When we remember that the maritime area of this country 
forms so small a part of the whole, ‘the wonder’ is that, in so 
brief a period, 600,000 men, ¢oming largely from interior 
States, could be trained for efficiént service afloat in our home 
and foreign ‘fleets. Sir Eric Geddes justly terms’ ~~ achieve- 
ment of the Bureau of Navigation i in aircon ae as” “an amaz- 

ing feat. oie 
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But: what is thus: trueof one Bureau: in this war is equally 
true of all in'the Navy Department—the great shore establish- 
ment: which:stands behind the Navy. afloat; and without! whose 
full efficiency effective service by our Fleet would. be impos- 
sible. » 

So, what I shall have to tell j in a moment:of the record made 
by the Bureau. of Steam Engineering should be regarded as 
but.a sample of what all these. Bureaus have done. 

From the, beginning of the war, the entire Navy. Depart- 
ment has been working, in a clean-cut American way, ..at 
maximum. efficiency under forced draft, _ it ‘i 


NAVAL ENGINEERING. 


As to my subject this evening, “‘The Achievement of Naval 


_ Engineering in This War,” may ‘1 say, that I shall limit:my 


address, to. the work of the Bureau of Steam, Engineering, and 
shall be‘able:to handle even that. work. only in.a,very general 
way, since the Bureau’s field, which. is. dynamical engineering 
largely, covers all) steam,and internal-combustion. engines for 
the Navy;.the bulk of its.electrical apparatus, for, surface. ships, 
submarines.and, aircraft;. the machinery for. aircraft; the,gen- 
eration and supply of gas for observation balloons and; dirigi- 
bles; and,-finally, the design and supply of. the, entire wireless 
equipment. of all. shore -stations. for; radio. telegraphy, in,:the 
United, States, in our island: possessions, and on, every, vessel, 
merchant or naval, flying the. American. flag. ave 
In a broad. sense, however, there is. much Pe ‘ penis engi- 
neering,’ although it.is static largely, as.in,the, fundamentally 
important work of. the Bureau. of Construction. and, Repair.on 
hulls ,and .their fittings,., on; stabilizers, for ships; and:in. the 
Naval: Aireraft Factory,;,and againjin the field-of the Bureau 
of, Yards, and Docks; which, coyers, dry, docks,.buildings and 
grounds, And, further, the Bureau of Ordnance, ‘in its guns, 
is. but building.a special form. of; internal-combustion, engine, 
and. its armor. isa, product of statical engineering, skill. 
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In fact, inthis broad sense, engineering may claim one of 
the most brilliant achievements: of this war, in the battery of 
14-inch, high-powered naval guns—having a range, 28. miles, 


. greater than any other guns in France, and) mounted. on rail- 


way cars—with which Rear Admiral Plunkett cut the main 
artery of German retreat. 

So, each of the four technical Bureaus of the Navy Depart- 
ment could tell, if it wished, a noble story of engineering 


triumphs in this war, although tonight we shall wards time for 
but one. 


” As to that story, I desire to express my acknowledgment to 


the Secretary of the Navy, through whose courtesy I am 
enabled to address this Society tonight, and under whose 
administration the United States Navy has done such effective 
work in the greatest war of all time. 


May I add also a personal word: after my graduation from 
Annapolis I was for nearly twenty years in the Navy, but since 
then I have been long absent from that gallant service. Dur- 
ing the Spanish-American War I was on duty in the Bureau 
of Steam Engineering as one of the assistants to'that honored 
veteran of the Seven Seas and the Arctic ice, the late Admiral 
Melville. 

When, during this war, I came to serve in a similar capacity 
under his successor, Admiral Griffin, I was‘ amazed at the 
growth of the operations of the Bureau, both as to their scope 
and magnitude. From relatively small beginnings in pro- 
pelling machinery, its field in dynamical engineering had be- 
come almost all-embracing, and it had expanded into a huge 


’ engineering organization, expending during the last fiscal year 


more than three quarters of a million dollars a day, having a 
staff of 137 officers and about 550 employees in Washington, 
and occupying in the new ‘Navy building there steeped two 
acres of office space. 

So—as an observer simply, and riot as one who tells his own 
accomplishmeént——I may speak ‘with full freedom of ‘the work 
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of my associates of years gone by with whom, for a time, it is 
my honor and my warm pleasure ‘to serve. 


THR STUPENDOUS TASK OF THE BUREAU OF STEAM _ 
ENGINEERING DURING THIS WAR. 


In considering the work of the Bureau of Steam Engineer- 
ing, let us glarice first at the stupendous task which has :con- 
fronted that Bureau during this war. 

When the war began: we hada Navy of about 350 thew 
commissioned, in reserve, or building. But the fleet grew with 
amazing. rapidity, and, at the close of the fiscal year on June 
30 last, the Navy had in service, or soon to be commissioned, 
a total of 1,959 vessels. This total comprised 570 ships of 
the regular Navy; 93 drawn from other Government services ; 
937 converted merchant ships, used as troop transports, naval 
auxiliaries, and in patrol; and, finally, 359 vessels built by 
the Emergency Fleet Corporation for the Naval Overseas 
Transportation Service. 

‘The aggregate horsepower of these vessels is about 
6,500,000, which is thirteen times that of our fleet. during the 
Spanish-American War. And, further, it is more than ten 
times the power developed: on both sides of Niagara Falls, and 
is: also equal to about one-sixth: of the primary fuel and water 
power now employed in land service in the United States, not 
including the locomotives, 

But the mafntenance of the machinery. for this huge power | 
was not’all; for at the close of the fiscal year there were under 
construction 376 combatant and auxiliary vessels and 52 tugs 
for the Navy. Included in this number is a huge force of 
Destroyers. When these vessels shall be completed, the present 
horsepower of the Navy will be increased by 70 - cent, and 
become. 11,000,000. 

Neglecting for the time the work involved 3 in dniianiog sad 
building, or inspecting the building of, the engines of ships 
under construction, let us consider only the duties of the 
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Bureau with regard to the maintenance of the machinery and 


apparatus of the nearly 2,000 vessels:in.service when the war 


closed. ? 

First, let me note that the Bureau of Steam Engineering is 
not merely a propelling-engine Bureau, charged only with 
keeping’ ships’ in motion:. On ‘the contrary, it is responsible 
for neatly all of the accessories connected with getting them 
under way and maintaining them in efficient: condition; ‘and, 
as well, for many of those: appertonannys — anid to ‘the 

comfort and health-of the crew. 

For example, the Bureaw must provide an abundant scippty 
of fresh water for, in:a battleship, about 1,500:men: It must 
also furnish machinery and appliances for ice-making and for 
refrigerating rooms; ‘for electric light throughout the ship and 
for searchlights; for electric power used in ‘a miultitude of 
ways, from operating a turret to‘tutning an ice-cream freezer; 

for steam and electric power for’ — ane for steam and 
electric heating. 

The Bureau furnishes also portable electric: Pet for -venti- 
lating spaces not sufficiently served by the main system ‘of the 
ship; also all kinds: of ‘electrical communications, including a 
complete telephone service;‘an abundant supply of water for 
sanitary uses; and ‘the — whether steam | ‘or — 
for the ship’s boats.) 

For repair work the Bureau provides a tetial iby on 


each vessel with’ facilities suitable for her otdinary’ needs. | 


For heavier work it eqitips the shops of the repait ships which 
accompany'a fleet. It designs and supplies the radio outfit of 


all ships and ‘shore stationis, including those for trans-oceanic 


service. For submarines it furnishes’ oil engines for surface 
cruising, and storage batteries and electric motors for propul- 
sion when submerged. It is responsible for ‘the. machinery 
and wireless equipment of all aircraft; for the generation and 


supply of gas for observation balloons and dirigibles, and for | 
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Fic. 4.—U. S. Nava, Rapio Station, BALBoa, CANAt, ZONE. 





Fic. 5.—AIRPLANE WIRELESS TELEPHONE SET. 








Fic, 6.—SteAM Trap MouNtTep on ROCKING PLATFORM TO 
DETERMINE ITs BEHAVIOR ON A VESSEL IN A SEAWAY. , 





Fic. 7:—CENTRIFUGAL Or. Purifier MouNTED ON ROocKING 
PLATFoRM DurING DEVELOPMENT TESTS. 








Fic. 8.—MIcroscoric EXAMINATION oF LARGE METAL OBjEcTs. 
MIcroscoPpE AND CAMERA ATTACHMENTS ARRANGED 

h FOR MAKING PHOTOMICROGRAPH OF 

BroKEN SHAFT COUPLING. 





Fic. 9.—1st I.P. Cyuinper or S. S. “Santos,” Navy Yarp, 
PHILADELPHIA, May 3, 1918. 

















Fic. 10.—ist I.P, CyLInpEr or S. S. “Santos,” Navy Yarp, 
PHILADELPHIA; READY To WELD, MAy 29, 1918. 





Ge Me es i ae , 
Fic. 11—1st I.P. Cy.inper or S. S. “Santos,” Navy Yarp, 
PHILADELPHIA; FINISHED, AUGuUsT 15, 1918. 
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Fic. 13—Liperty Motor, 12 Cytinper, 400 H.P., Stanparp 
U. S. AERONAUTICAL ENGINE. 
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the —e devices — eee: enemy: ———— and sub- 
marines;)‘!> 

When we entered tied war: eee was dads a tenis 
increasé‘in ‘the routine work! of the Bureau) For ithe Battle- 
ship Fleet, although always ready for normal duty, needed 
finishing: ‘touches*to‘fit it-for possible ‘service abroad:: Also 
the [Reserve Fleet’hadsto be put in full :commission, and the 
Destroyers ‘and their. accompanying Repair Ships! had»to be 
prepared and:fitted: out! for their work im: European: waters, |. 

Further; the converted! merchant ‘vessels: taken over by ' the 
Government had to be repaired, alteréd: and fitted iout:for usé 
as naval auxiliaries and transports; the many merchant ships 
carrying ‘armed guards had ‘to’ be provided” with’ electrical 
equipment—call bells, telephones, andthe like—for. the effect- 
ive control of gun, fire; and the unprecedented work, of repair- 
ing the damaged machinery of the German merchant vessels 
we had seized, had to'be done. at,express speed... ‘To: all this 
there was added almost immediately the construction of a large 
number of submarine chasers, and. later, of-a nak force of 
destroyersiand mine layers.) ...52))) 

From, this. hasty, outline some idea ‘may. ibs ined of the 
scope, and, magnitude of the work, of the Bureau. of Steam 
Engineering, during the war... That, notwithstanding the enor, 
mous expansion of our Fleet;in this;period, it has. been: possible 
to, carry on: this. work: successfully.is. due, to; the efficiency .of 
the prior organization of the Bureau, The Engineer-in,Chief 
did not create a new system, but simply expanded the one 
already. existing, which is the, development of :one inaugurated 
thirty -years..ago -by a, former engineer officer, of, the, Navy, 
Mr.,.Asa,M.; Mattice,:a, distinguished; member, of this;Society, 

This, also may-,be; said jas to such advances.as the. electric 
- drive. for; ‘battleships, , the, exceedingly. compact, anrangement of 
machinery of 28,000 horsepower in the latest. destroyers, the 
noiseless, and» vibrationless. engines .of;.the, Ford boats, the 
progress.in radio equipment. and in; anti-aircraft; and_anti- 
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submarine devices and other minor matters. In all these the 
Bureau has been successful virtually at its first attempt... And 
this success has not:been haphazard, but was the result of 
careful, prior thvestignenes and aiareniand by an efficient. organ- 
ization. 

In its work shih Busate of Steam ites has spent 
huge sums during this war—more than 288 million dollars, 
for example, during the last fiscal year. ; Tonight, I hope to 
give you, as.citizens and: tax-payers, a fair amount of evidence 
that your money has been well spent, not only by this Bureau 
but by all others in the Navy Department. . 


ORGANIZATION OF THE BUREAU OF STEAM ENGINEERING. 


For clearness in discussing the work of the Buréat of 
Steam Engineering let me give a brief ia of its organiza- 
tion-and principal activities. 

The Engineer-in-Chief determines ‘all trivcilidios of Bureau 
policy, authorizes all expenditures, and decides all important— 
and many minor—questions ‘of detail. 

The Assistant to the Bureau, Captain Oscar W. Koester, 
U. S. Navy (retired), handles routine bysiness in technical 
and administrative matters; investigates all work and ‘expendi- 
tures in connection with the organization, building, equipment 
and maintenance of the shops of the Machinery Division at 
Navy Yards and Repair Bases, and, when necessary, inspects 
and reports on the condition of the Bureau's work at private 
plants. 

The staff of the Bureau is separated into ten Gristons one 
clerical, headed by the Chief Clerk; and the remainder, tech- 
nical. ‘The duties and titles of the nine latter divisions are: 

Design, Electrical, Repairs, Radio Telegraphy, Inspection, 
Supply, Fuel and Personnel, betes and ‘Logs and 
Records. 

Each of these divisions is in charge of an officer who is an 
expert Of high rank in his especial field.’ The muster’ roll of 
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FIG. 17.—BATTLESHIP MACHINERY ARRANGEMENT; DIAGRAMMATIC 
PLAN OF TURBINE DRIVE WITH REDUCTION GEAR. 
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Fic. 18.—BATTLESHIP MACHINERY ARRANGEMENT; DIAGRAMMATIC 
PLAN OF ELRCTRIC-DRIVE SHOWING” ARRANGEMENT 
Bari “OF Morors. — 
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the Bureau’s divisional heads is in this respect a roll.of. honor. 
While the work of the Bureau is thus divided, Admirai Griffin 
keeps in close touch with it all. His guiding hand. is' felt, in 
greater or less degree, in every detail. 

Division of. Design—The Division of Design is in charge 
of Rear Admiral Charles W. Dyson, U.S, Navy, an officer 
who has long been widely known for his success in the design 
of naval. machinery, and especially of propellers—that marine 
mystery of many weary years. 

The duties of this Division cover a broadefield. As to new 
vessels, for example, it recommends the type of machinery to 
be adopted; estimates the power required for propulsion ; 
makes the general ‘design of the machinery selected by the 
Engineer-in-Chief ; draws the contract-plans and specifica- 
tions; investigates the bids and alternative plans submitted*by 
contractors, and makes recommendations; criticises the de- 
tailed plans forwarded by contractors; prepares directions for 
the trial of the machinery ; and finally makes recommendations 
as to payments on the contracts. ’ 

During the last two years of the war this comprehensive 
work was done for vessels of all classes—built, building, or 
contracted for—aggregating | 9,501,440 horsepower, as is 
shown by the accompanying table. 


Destiowertas:. sviiesnw ae deeds Pay rat Lo 6,578,000 
Battle Cruisers). 2... nail US goulquiye i 1,080,000 
PUM osc Seen as Cay Spek cee es 480,000 ~ 
Scout Cruisers . 0.25.2. 2. oO a eee 630,000 
200’ Patrof Boats... . 0.2.62... e ee 280,000 

°) Mine’ Swéepers’ Nive: Hie he Wibeatsas “95,600 

 Sea-going Tugs sae Sh epin rye heey Wicker Be ols 48,600: 
Seabimties eee Geet en SO 
EFC Oi1 Tankers )(00.05 gf oR tee 31,800 © 
Harbor Tugs tae tak os CRY e Aone nes hers | ee 


7 Fuel Ships” sevecnee tigre qemniemet ceed ae 
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Motor Tugs). i.0..% ij Rie abl, Lattarety 2,800 
Ammunition Ship )..00.0cc0 vers 10,600 
Oil and! Water Barges. ...6.0.Juu. e000, 2,400 
Gunboat ..../. ..7abiob. waa Hu gated. 1,600: 

Teel. Pil pee 2 it cali pier 284 9,285,440: 
410! Patrob Boats i. 10% (at KG I 216,000 

Grand Total ....... %ti%. V1NaW.4a 9,501,440 


In addition to the work on new vessels the Division passes 
onsall alterations to the existing machinery of naval vessels 
“and those of the Naval Overseas Transportation Seryice. It 
also specifies the materials and their characteristics for marine 
engineering construction, and has general supervision. of all 
tests and experiments relating to marine propulsion at the 
Engineering Experiment Station at Annapolis and the Fuel- 
Oil Testing Plant at the Philadelphia Navy Yard, Similarly, 
it has general supervision of the Inspection Force at building 
yards, a work in. which the Bureau has at this time ‘about 60 
officers engaged. ee ft > 

Electrical Division. —When, we entered the war the Elec- 
trical Division was in charge of Commander Guy W. S. 
Castle, U. S. Navy, who has been succeeded recently by Cap- 
tain C.,E, Courtney, U. S. Navy. 

This, Division supplies all the electric power; the wiring for 
all purposes, and, roughly, about 75 per cent of, all, ‘electrical 
machinery and apparatus on naval vessels. . Its field. i is there- 
fore a,most important one, extending to communication sys- 
tems for the control of gun fire, the electrical signals for day 
and night.use which are so necessary for the handling of ships 
in company at sea and in making recognition signals, search- 
lights, for protection against Destroyer. attack at, “night, the 
motors, and storage batteries for the propulsion. of, submarines 
when submerged, anti-submarine and anti-aircraft Aevices, all 
interior communication systems, the multitude of other appli- 
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ances ‘in which electricity serves on ‘shipboard, andthe electrical 
equipment of the Machinery Division at Navy: Yards. ' In this 
work the Bureaw has expended about cig: 000;000 o duaping _ 
last fiscal year. 

When the United States entered the ‘war ' ‘thie Blectrical 
Division was confronted: bya huge task, since: Congress had 
failed to appropriate sufficient funds’ for an' adequate amount 
of: spare material and there was little in stock at Navy Yards. 
For example, the amount:of ‘wire in store was’ almost negligi- 
ble, while day by day the number of ee acquired in various 
ways grew with amazing rapidity. ' 

But, six months before we shea a beliigerenit; Commander 
Castle, by direction of the Engineer-in-Chief, had made’a com- 
prehensive ‘survey of all probable requirements ‘in the event of 
war, and. hence he was ready to act promptly and effectively. 
Manufacturers everywhere were ener ae to aid, and 
so the‘situdtion ‘was ‘saved. i 

As an instance'of this: Before the»war wire was supplied by 
only two’or three firms. »' When enormous quantities were thus 
needed immediately, fifteen of the largest wire manufacturers 
were summoned to!Washington; and contracts*were made ‘with 
them which virtually gave the atts control of “ wire out- 
put of-this country. 

In original work Commander Castle deipeninad the develop- 
ment of certaiw ariti-submarine and ‘anti-aircraft devices which 
are of:a confidential nature. . These submarine detectors have 
been made»in :quantity; not ‘only! for our owt vessels, but for 
the British Admiralty and: the French’ Ministry ‘of? Marine: 
For the anti-aircraft! investigation Dr. ’G. 'W. Stewart; 'of the 
University of Towa, made for)'the ‘Bureau ‘a: comprehensive 
study at: Pensacola, Florida, ‘of‘all the ‘noises made by’ the 
engine ‘aiid: wings of dn airplane inflight. From: his results 
arid - in codperation with ‘the: Signal ‘Corps’ of ‘the Army, a 
scheme of sound-ranging on enemy airplanes! was devised, and 
the necessary: instruments were designed and made:'” 
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Unquestionably! the ‘most::important' electrical, accomplish- 
ments of the Bureau during the‘war ‘have béen: the remodeling 
and improvement of the: wiring: for gun-fire control systems 
in all ships from dreadnaughts to gunboats, the installation of 
communication systems for the service of:the guns om trans- 
ports and ships carrying armed. guards, and: the provision of 
recognition: signals on all vessels acquired or operated by: the 
Navy. 

Not the least. part of the electrical: work of the Seas is 
concerned ‘with: storage batteries for submarines. These serve 
not only for propulsion, but for nearly all auxiliary: purposes, 
such as pumping, lighting, heating and cooling. The contin- 
uance of the war brotight great: growth in the number of) our 
submarines, with consequent increases in their operations and 
the, spare equipment, that it; was, necessary -to carry. All of 
our submarine batteries are of the lead-acid type. In some 
cases the expedient was adopted of reducing the thickness of 
the plates in order to increase the exposed surface: “While the 
ultimate effect of this :is:to reduce the life of the battery, the 
military advantage gained in \thus obtaining oné:of greater 
power for, the same. weight, was. considered ‘sufficient to ootteet 
the disadvantage! of short: life: ., 

Owing to the magnitude of the work ol the - Electrical 
Division and the fact that so many regular )officers of the Navy 
who-were qualified. for this. work were; ordered ‘to sea duty, 
the Bureaw succeeded’ in having one hundred graduates: in 
electrical engineering enrolled in the Naval Reserve and given 
a, short course iu, training-for naval work. These young offi- 
cers have been‘servingivery creditably in‘ the:Fleet.: > | 

Supply. Division-—The Supply =Division ds in charge: of 
Lieutenant..Commander Charles ;K:..Mallory;U:| Si: Navy 
(retired) ,|aamember of this Society, who, .on:the mobilization 
of the, Navy for war service, was assigned to ‘this; omy as the 
relief of an officer on: the activeristi:. o.: 

Matters, \relating: to» ‘engineering materials: and REL 
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under -cognizancé! of the Bureaitof Steam Engineering-for 
vessels of the Navy and for Navy Yards, are handled through 
this; ‘Division.:: The specifications for' the material ‘are drawn 
by: the ‘technical. Division: concerned, and all subsequefit ques- 
tions of: a’technical nature are‘referred to that ‘Division’ for 
decision. ‘Hence; the Supply Division’ is; in‘ some’ respects;\a 
sort of center of business activity for the Bureau in its‘ con- 
tact »with: bidders and contractors. During our’ first: ‘year in 
the'war it passed upon materials aggregating $100,000,000:in 
value, and this: was for miscellaneous materials orily, and did 
not include new ‘construction work. The:actual purchase’ is 
made by another Bureau, which refers to the Bureau of Steam 
Engineering all ‘bids for determination as to the’ one that is 
most advantageous. 

Under peace conditions—when contracts for the construc- 
tion of vessels as well as the purchase’ of supplies were’ made 
on a fixed price basis, with a penalty for failure to’ complete 

_or deliver on time—the duties of the Division consisted: pri- 
marily of ‘passing upon requisitions for materials as to their 
quantity, quality and suitability for the purpose intended; and 
of analyses of the proposals received from bidders with recom- 
mendations ‘as to the award of ‘contracts. In addition to ‘this 
service the Division was ‘charged with the duty of providing 
suitable allowance’ lists, covering spare parts and material‘ for 
the outfitting and ‘operation of vessels of the Fleet. 

Upon our entry into’ the war it soon’ became apparent that 
the question of obtaining material and supplies—both for the 
direct use ofthe Navy and for! those: having’ contracts’ for 
new  construction—would' be of ‘increasing importanee ‘and 
difficulty... Owing to the! unsettled conditions’ as ‘to materials, 
supply, and ‘labor,’ it became! necessary toabandoty the ‘penalty 
for failure to complete contracts ‘on time,’ and iti many ‘cases 
contracts had to be changed, from a fixed price basis to’ one 
which would insure the: a by atte Contractors: of'a ‘reason- 
able profit. shit 
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Many; new,Government activities, as welloassothers iof a 
private) nature. closely. jassociated: therewith, came: into exist 
ence, requiring, material.in excess ofthe country’s output. 
The War, Industries, Board. and, other: Commissions ‘and Com- 
mittees,. with which we. afe-all: moreior less: familiar; were 
formed. to, control, the: resources off the cotuntry:ahd to:direct 
material into channels where it/was most néeeded:» All of this 
meant,that the Navy's engineering: requirements: had to} be 
closely, studied in. order to. insure: delivery: of material::when 
and where required, and-to,avdid:the making: of ‘unnecessary 
demands, at the, expense of./other: essential: war, activities: {0 

Owing, to.the change: in the form:of contracts, various ques- 
tions ;were, continually ,arising: assto ;which the: Bureau was 
called upon for an opinion or a recommendation. The han# 
dling..of, such-, situations was, centered: in:-Washington;: the 
Supply. Division, being expanded as occasion required: tov take 
care of the increasing volume.and; variety-of work.; A follow- 
up. system for allirequests for material..was also instituted, by , 
means, of .which, the exact status was shown at: aan time wo 
the, actual, completion, of contracts. 

_, Under; peace conditions, after, the’ placing of ai contract’ bo 
engineering material, either, for ithe direct»tise of the: Navy:or 
for Government contractors,| it :was anspected: as to! quality 
before delivery. by ;the various: Naval Engineering Inspectors 
throughout the country.) ».Also,  it::was:amnecessary’ in those 
days to.give much-attention tothe matter of the:ability: of the 
contractor, to deliver, as required..::: This: latter ' consideration, 
however;, became more.and) more ‘important in! war time,’ and, 
to. take care, of; the situation; .a numberof :business men. of 


ability, who. were willing to! devote their time to: Government 


needs, were enrolled.as officers,in the: Naval: Reserve Force:and 
assigned. to ae maces in w 2 eameane rauoiees Dis- 
tricts,., sad BOR TIN 
‘The, duty of ja ais ts was, to: o folkdprselonely every ‘con+ 
tract; to know whether it would be filled as required; :and)|if: 
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not, ‘why-so) that~ anys necessdry ‘action ‘could ‘be taken | a 
promptly.«! In ‘addition tothe regiflar Inspecting Force ofthe \@ 
district? who ‘aided. im this: work, enlisted: men were: also‘ pro- 13 
vided by the various ‘Naval Districts..: The. work ofthese pro, 
 ductiot officers was ‘of ‘inestimable — in score 7 — 
F as/required. 29511) teo// 9 i 
The:Supply Division thas ati made a‘revision of the: engi- 
neering allowance lists for all regular Navy’ vessels, ‘to insure 
their being ona proper war footing‘im this respecti:' It: will/be 
seen 'that;' owing ‘to ‘the ‘variety and ‘volume of its ‘work, ‘this 
Division has had its hands full'since our entry into the ‘war: "' 
-» Radio» Division.+-Commander $.' C. Hooper; U. ‘$i Navy, 
is in charge of the Division of Radio Telegraphy..’ The’ activi- 
ties of the Bureaw of Steam Engineering im this respect cover 
almost a” world-wide! field. © All: matters: relating’ to’ radio 
equipment—except the! actual operation by the radio person= 
nel—on vessels'operated by the Navy; om all’ vessels of the 
Army and‘‘other branches) of the Government, including: the 
: United States Shipping Board, and on merchant ships ‘requisi- . 
tiéned by that ‘Board, ate directed by the Bureau; Virtually, . 
therefore; the: radio ‘imstallations:!on' ‘alb vessels: flying the 
. American’ flag'is;!in' these respects, under the direction of ‘the 
Bureau’ of Steani’ Engineering: ‘The’ er of sizer installa- 
tions now exceeds 4,000. Qiras tt AL is 
‘The ‘Bureau’s' direction extends ffir to | 50 pasted 
coastal ‘stations |and!'75 ‘commercial ¢oastal stations “this 
country; to‘others)in’the West ‘Indies‘and: the ‘Canal Zone,’ in 
eur ‘island possessions: ‘and Alaska ‘and «Vladivostok! in ‘the 
Patificy: and, finally;'to one now’ building for«s' at! Bordeaux 
in' France, sneoee eee rg _ most soe! renee = 
the world): rH0 its novels oteetrtt 
Our addi ‘Pacific and: &Gult Coasts) anit the avngene the 
Great Lakes, are covered) by” strategically: located! low-power 
and semihigh ‘power radio ‘stations: -Washingtonis'ihtouch 
also’ with dur‘posséssions:in thé West Indies! by means’ 6f ‘the 
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It.should be. noted. that the weight measurement. is,.not.a 
trustworthy gage of the amount, of: work done. in; inspecting 
material... For example, tons of ingots, pig -iron, or forging 
billets may be examined and accepted by an inspector),in.ja 
single day, while several days, may, be. necessary to, inspect 
certain aircraft material.or delicate machinery, weighing: but a 
few pounds. 

fuel and Personnel.—The Fuel and Dectownel Dinsna is 
in charge of Commander |H..A., Stuart, U: §. Navy.:. During 
the greater part of the war, it was hanes by Commander 
N,.H. Wright; U. S.Navy. 


Fuel.oil, gasoline and lubricating oils ‘are 2 wital acuials of - 


modern: navies, hence the:work of this Division is of funda- 
mental, importance, especially as the Navy is now hard pressed 
in, its effort.to retain the-naval) oil reserves..in California: 
However, all of the Navy’s:new) ships are,oil:-burners,. since; 
during their! lifetime, fuel-oil:for them: will not: fail. 

This Division covers abroad field. During the ‘last ‘fiseal 
year it assisted in extending the coaling facilities in-our ports 
andi in making: a comprehensive survey of ‘the: low-volatile 
steaming coals with:the view:of locating mines capable of fur- 
nishing suitable fuel. for the Overseas. Transportation. Service. 
It modified the, maval specifications to, permit the use, for a 
time, of a considerable: percentage of» Mexican distillate, and 
made: preliminary investigations for establishing specifications 
for heavy, fuel oil.for tfansports.asid:cargo carriers, Further, 
_ it-coOperated with: various: Government agencies in the: adop- 
tion of standard. specifications. for aviation ‘gasoline. 

The Division has:also.coéperated. with the Bureau:of Navi- 
gation, in the-effort to obtain officers qualified for engineering 
duty in the regular-Navy-and:inithe Naval: Reserve:; Virtually 
all.ofthe nearly, 2,000. ships ‘built and to be:built by the Emer- 
gency Fleet Corporation are:to: bé opérated::by: the) Navy,a 
senvice which: will: require a total; of: about):25,000: deck and 
engineer -officers+and ; that -is bother matter in. which ‘the 
Navy is hard pressed. 
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Division of Re pairs\—The Division of Repairs is itr charge 
of Commander. W: A: Smead; U: S$, Navy, who-has been for 
some months ‘in Europe.’ In his:absence itis headed relieeert 
tenant Commander Bruce: 

Next to importance to building a chip is denne it in repair: 
Lame ‘ducks cannot fight. During the war this: Division has 
had its hands full with the:maintenance of;/and the repair work 
for; the machinery of the Fleet and the vessels operated by. the 
Navy-+a:totalof nearly 2,000 by the end of last! June. ° How- 
ever; it: measuted up fully to-all requirements: ‘No vessel’of 
importance ‘has been laid up for repairs. | In addition ‘to this 
it has handled all; matters connected with the taking over and 
fitting out-of vessels'acquired’ or to be operated by the Navy. | 

‘Since we-had:more than 300 vessels! in' European waters, the 
problem of their repair:and maintenance was'not ‘simple.’ Spare 
parts: had to\bée ready and matériel: needs anticipated.’/ ‘To 
this.end. a! stock. of) the most:important ‘engineering naterial 
was: provided by ‘this ‘Divisionsome ‘in ‘this*country, but the 
greater portion at the foreign bases~-and its location:and ‘use 
so thoroughly, seamen that it ser: be sp Me a satis 
advices. : 

It is pcoiaetiiona in this connection | that hed one of the 
Destroyets was'so badly damaged by a ‘submarine 'that it was 
with: difficulty. that’ she was able to: make port, spare’ shafting 
andi propellers were ready for her long ‘before their installation 
was necessaty. In: another: case, where it: was seen’ that: the 
boilers, of: a:Destroyer needed retubing and ‘the time required 
would havé put ler out /of service’ for: too longa ‘time; new 
boilers were ‘built and, when ready, were mention wit a sure 
prisingly:short petiodiof inactivity.) 1 + 

For this! work of:repair and supply the Navy established a 
total of: five! major; bases—threey in ‘France, | one in Great 
Britain, ‘and one at Gibraltar.::There)are'also two mirlor bases 
in-.or near the»Méditérranean:. ‘The: facilities of these ‘bases 
were reénforced by: those of! six Repair Ships;' general plans ot 


- 
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whose shops .are.shown in the! views! “These vessels:proved to 
be:of the greatest value to a fleet'in'a war area, and their work 
was, frequently commented ‘upon, and very favorably, by -both 
Vice Admiral Sims and the officers of foreign services.) With- 
out these ships, our Destroyers could not have maintained/the 
wonderful record they established of being always ready. In 
this respect our Navy leads all others, : 

‘Our Navy had an.average: of approximately 50, Destroyers 
serving for 19 months in-European waters., One Repair Ship 
there re-tubed two Destroyer boilers (Normand) in nine days, 
the boilers being in place... The services of these Repair Ships 
were so. effective that only ‘$1,100,000 were:spent oti this whole 
Destroyer, Force for machinery répairs made by other agencies 
during this period, and this total covers several cases’ in which 
there were very serious damages by torpedoes or' collisions: 

As illustrating the resource of the Repair Ships, the! retub: 
ing.of boilers, of .a- Destroyer: was undertaken without inter- 
ruption of, her regular patrol and convoy duty by-working on 
one side of; the boiler during: her 5-day overhaul period and 


completing ‘the other side during ‘the following: period, and so 


on until all were finished, the vessel oe oe ~— 
of 25 to.28 knots speed. 

It is doubtfiul:whether such a: performance: would re or 
possible under other direction than that of Vice Admiral Sims, 
who. insisted that: Destroyers must have a-regulat overhaul 
period'uninterrupted by any other duty or:consideration. © 

Division: of -Aeronautics:—The ‘Division of Aeronautics is 
in the,charge-of Commander A»K) Atkins,,U.:$; Navy.) The 
work. of; this, Division: covers»aircraft machinery: generally, 
engineering design for this purpose, :and the; generation and 
supply of. gas fortobservation balloons and dirigibles:) + 

~The marked military advantage to-bé gained by havingbut 
one type of airplane:motor prompted the Navy Department to 
adopt the: motor used by the Army.: “All Liberty motors for 
the Navy .are, therefore, obtained’ through the» Aircraft Pro- 


~ 
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duction Board. Orders: have been placed for more than 4,000 
of these Liberty engines: delivery ‘to be completed: by: Jan- 
uary ‘1, 1919. Of :this number ‘about 1,300: were received ‘by 
the end of the last:fiscal year, and distributed to various naval 
air ‘stations in this: country and abroad. There have also been 
purchased about 500: Hispano-Suiza engines for use at naval 
air stations inthis country... 

At various’ times the Bureau “ Steam: Engineering has 
tested and used:a totalof sence “eeaaais one as follows: 


Motor: ~— ‘iAP. Weight, Lbs, Remarks. 


oe PROV: oc. oss wee 380 852 Low Fa sor water 
red Liberty, 12 cyl....- ees 450... 972 V-45°s water cooled. 
Be tefl TRY io oees Beats "400 670 V-60° ; water cooled, 
Dusenberg, 16 cyli ci. veei. 800 91,617 V-60°.; water cooled. 
Bugatti, 16 cyl...............: 475 _—«:11,170 oe. in ae rows 
ai ! MN ore! 5 of | eheht : ic i 
: ae Te : - 5: )$hatts geared. to- 
: é ~~ gether. 
Kessler supercharger: ......... 600+ ': 600° 0°) 6-cyl.; vertical. 
Hall-Scott, Liberty Bikics os t. 212 - 490. Vertical, water 
Union Engineer, 6 cyl...,.. tees ABB i->, » 448. .Mertical. 
Hispano-Suiza; 8 cyl......... » 150-- 440 V-90°; water cooled. 
Curtiss, vee a | SEN AE ESF 100 395 V-90° ; water cooled. 
Curtiss, V V-2, 8 cyl... BREE 200 690: V-90° : water cooled. 


Among ‘the more smpinrtit ‘of ‘these motors are! the: Lib- 


_ erty, 12 cylinder¥ the Geared’ Liberty, 12 cylinder; the Hisé 


pano-Suiza; the Union Engine; and the Kirkham Motor. 

In general engineering design the Bureau has done much 
work, especially with regard to the application of the Liberty 
Motor to seaplanes. This work covered starters and priming 
devices; the development of a flow — ee are 
throttle! controls, and an oil-cooling system. ~ : 

One of the very important ‘duties devolving on the Bureau 
of Steam Engineering is the equipment and maintenance! of 
stations: for the: generation:and:supply of a non-inflammable 
gas for use in observation balloons and dirigibles: Somewhere 
in the: United: States there is a-plant: for this purpose, om ‘which 
the Bureau was: authorized to. ee cs hoe 
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of' stations have been established andia full‘equipment of gas- 
containers provided, so that any, calls:may. be: promptly ‘met. 
This: gas’ has* been’ shipped sin» quantity! to: the’ British and 
French: For this balloon-gas service it-has/been: necessary) to 
give suitable: training toa: number, of: — officers: and: to 
assign ‘them to stations at home and abroad. 

Division of Logs and Records.—The Division of: sicbiogs at 
Records is in. charge of Commander ‘W. ‘W::White, Ui:S. Navy 
(retired). Inthe effect of its» work on ‘marine engineering 
design and progress, the field - this Division is of great 
importance. 


Its main, functions are: the checking up and review of the 


engitie-room logs of naval vesstls; the conipilation and’ issu-" 


ance to the seagdéing personnel and naval. training: schools ’ 'of 
Bureau pamphlets relating to the caré and management of 
machinery on ‘shipboard; the preparation and issuance to the 
naval ‘service ‘ofthe “Confidential Bulletins..of «Engineering 
Information;” ‘and the filing and indexing of all important 
data regarding tpemechine mati with men réferenice to 
naval vessels. | © 4KKO 

It will be seen that the work of Colenandes Whitt ‘off 
cer of Jong-experience.in this duty-—is.of marked) importance, 
not -~ to. the Navy, but. to the enginenring. aneteree: es 


“NAVY YARDS AND ‘SHORE STATIONS. ce 


The efficiency of ‘the Maithinety Divisltios at Navy Yards 
and: Shore: Stations has'a most important effect onthe! general 
success of-the Bureau’s) work; in keeping ready for service the 
machinery of the Fleet and: of other vessels operated by the 
Navy; and alsoin building machinery for new: vessels. >: ’ 

_. During ‘the last: fiscal year;, in ‘nine Navy. Yards! and: Naval 
Stations in the United States:and:our insular possessions;‘thete 


were employed: ‘on Bureau work! exclusively: about’ 175° com- 


missioned, and:-warrant officers:and 9,700 meéchaniesi: In four 
other Navy Yards) ufider Industrial-Managers who direct the 
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work! forall! matériel Bureaus, about :110 commissioned, and 
warrant officers and 11, 500 mechanics were engaged, in inte 
activities. 1 

An adequate tesumé of the rie eo of these ps 
forces‘during this war would take far:more time than we have 
available this evening. However, as an example, I may give a 
few particulars as to the inimense: amount of -work carriedjon 
at. the| New:York:.Navy : Yard» under 'the:;direction' of) Rear 
Admiral George E. Burd, U2sS.'Navy, Industrial Manager, 
Since: April 6;°1917, Admiral Burd and the»officers. serving 
with him have had charge of the conversion and: repair; in all 
departments—in¢luding ‘the mounting:of batteries: in. many 
cases—of a total of 728 vessels of all classesi:)Much:lof this. 
work was under cognizance. of, the. Bureau of Steam — 
neering. 

In addition to this, the propelling machinery, i in whole < or in 
part, of three battleships has been building ‘there, and con- 
siderable other new construction work of a minor character, 
Further, there has been a great deal of electrical and radio 
work for vessels of ail classes. ‘The number of men em- 
ployed—excluding the clerical, drafting, and sub-inspector 
force—was about 4,900. 

In connection with the Navy Yards, a very large amount of 
work has been done by private: establishments on naval vessels 
and transports. And in the prosecution “of this ‘work the 
closest codperation prevailed between the Commiandants of the 
various Naval Districts and’ the Commandants of ] Navy Yards . 
and ‘the Bureau of Steam Engineering, and: also with Vice 
Admiral’ Gleaves, ‘in ‘command of the’ ‘troap transport service. 
Without the team work’ that thus prevailed ; and the harmony 
of interest ever mesitanasy ore a ne would: have been 
_ 
| NAVAL EXPERIMENT STATION AT ANNAPOLIS)((1 !5.! 


he Naval’ Experiment Station’ ‘at Annapolis ‘does: se ‘of 
the marine engineering research’ Bhd ex perimentaf work’ of the 


~ 
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Bureau. The Head of ‘this Station ‘is Rear Adiniral T) W. 
Kinkaid, U.S. Navy. “ 

The services of this Station are of the greatest value, not 
only in the designing work of the Bureau, but in the main- 
tenance of the: machinery of the Fleet. Its chief function is 
the prosecution of research work on, and ‘making tests of, 
appliances, materials, and methods which relate:'to the: pro- 
pelling ‘plants of! naval vessels, such as forced-draft blowers, 
pumping. machinery, “feed-water heaters, coolers,  refrig- 
erating machinery, steam ‘turbines; ‘cOndefsérs, evaporators, 
boilers, coal and: oil fuels, packings,:and so on! ©The Station’s 
activities also include much work in the metallography of steel 
and other: metals. 


FUEL-OIL TESTING PLANT. 


The Fuel-Oil Testing Plant,at the Philadelphia Navy Yard 
has also done a very.considerable amount of valuable work 
during the war. Its present head is Lieutenant A. M.. Penn, 
U. S. Navy. . Its, field covers burners, air registers, the. re- 
fractory linings for furnaces, furnace insulation, and other 
similar matters. : a 

During the last fiscal year, in order to clteis comparative 
data of boilers of various types, atest of the White-Forster 
boiler was conducted at this plant. The results show that 
express type boilers of this kind, having a large amount of 
heating surface anda thick tube bank, are eyen more efficient, 
at from low to moderately, high rates of combustion, than. the 
straight-tube boilers now, used. so extensively, in, our Navy. 
but that they are, slightly. less efficient at.very high. rates... The 
express type has advantages also in the, saving.of weight 
original cost, and cost of upkeep, 


SOME RECENT DESIGNS. 
Let me cite afew ‘noteworthy ‘instances of recent designs, 
and, of research and development work, by officers: ofthe 
Bureau. of Steam Engineering, . 
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Propellers.-The diagram, showing the estimated andiactual — 
performance of |a: battleship: propeller; is: largely: typical: in 
indicating the recent: progress: made by: Rear ception — 
insolving! thisecomplex» problem: |i «~) |» ot 

Destroyers:-~-Immediately: after’ the decdaration: of wat he 
this country; our building facilities: were concentrated on light 
craft—destroyers, submarines, ‘patrol boats, and! mine’ sweep- 
ers—-to meet::ithe;, menace of German: submarines and* mine 
layers. The figure shows diagrammatically: the arrangement 
of turbines with reduction gears ‘for the: propelling: machinery 
of the destroyers: This: arrangement is: unusual) in the com- 
pact instajlation of engines of 27,500 horsepower on an 
average floor space of 26 x 56 feet. 

Patrol. Boats, “ Eagles.’’—Because of their chief duty— 
hunting submarines—the machinery of the ‘‘ Kagles,” built by 
Henry Ford, was required:to be as smooth running; vibration- 
less, and: noiseless as possible, in order to secure the most 
favorable conditions for “ listening” -in’ submarine detection. 
This object was attained in the Bureau’s:design by omitting 
reciprocaging parts almost wholly in the main and auxiliary 
machinery, nearly all motion being rotational... Am officer-who 
was present during the trial of the first of these boats, says 
that it gave him a peculiar sensation to be on a vessel speeding 
at 18 knots with so little soundand vibration, 


RESEARCH AND DEVELOPMENT. 


Some véry striking advances of high military value in radio 
and submarine, apparatus. and, in aircraft equipment jare: due 
directly, to’. the,.research : and, development: ;work: conducted 
under direction of the Bureau. of Steen Hnsinensing sneing 
this .war. 

Submarine, Detectors—Since: the war ‘ealeaee eight: désiees 
for submarine detection have been employed. bythe: Bureau 
and.made.,in quantity, not, only for our,-own Navy, but-for 
the British: Admiralty,.and the French:-Ministry:of' Marine, 
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Modified forms: of these:devices have:also>been- designed for 
uselin the protection of the Atlantic coast of the United States: 
‘oln( the: i experimental iivestigation\:of this »problem» the 
scientists who worked on it under the direction-of the Bureau 
of Steam Engineering realized: from: thebezinning that‘ the 
noises emitted by: the submarine: gave the most feasible means 
of locating :it, since! wateris:an excellent conductor of sound 
waves. Therefore, ‘virtually: all of the: instruments thus devel- 
oped:-and used: to ‘hunt German:submarines: are acoustical in 
nature. -'The sticcessful ‘results which have been obtained ‘show 
the wisdom of:research and invention along these lines. 

The chief) desideratum ‘was, of course, to produ¢e’ a ‘device 
which would enable the pursuing’ vessel to determine the ‘loca- 
tion of the!submarine and:thén destroy’ it. It turned’ out, 
however, thatthe chief function /of these devices'was to render 
the submarine powerless; rather than’to make its’ destruction 
possible! When the»commanders:of German’. submarines 
learned, through ‘bitter experience, ‘that, as long “as* their 
motors: were running, the location of their: boats could be ascer- 
tained ‘by | any nearby ‘vessel equipped: with: pete appa 
ratus; they ceased taking hazardous chances.) 91: 

/ Instead. of going where they pleased ‘and: ‘making’ surprise 
attacks at! will, they found that:it meant almost ‘certain destruc- 
tion to keep underway ii the:vicinity-of enemy vessels. “The 
result was that German submarines spent a large share of 
their time resting on the bottom, where they were as incapable 
of doing» harm: as’ if’ they ‘had “never left’ ‘their docks. “It is 

apparent, ‘therefore, ‘that the ‘number of’ submafinies ‘actually 
destroyed is‘not:an ‘accurate’ index: of ay. 3 mgr a 2 banig “sib 
marine detection'devices)~ |) 05%" 

Briefly, the reason why a submarine must lie motictilted 'to 
avoid detection: when the enemy is hear; is that the underwater 
boat :when ‘underway ‘gives'‘out ‘a’ distinctive noise! which can 
be recognized at once’ by the listener stationed’ at the detection 
device! of: the hunting vessel, ‘This’ noise is similar to’ that 
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made) bya phonograph: when the record: has been; played and 
the:needle is traveling through: the:inner grooves of! the:dise: 
It:has ‘been often noted also: that! a submarine emits a:periodic 
“squeak?! ‘These ».and)' other: distinguishing >:characteristics 
make it: possible for ithe listener:to: detect a submarine;:even in 
the presencé ofother vesselsiunderway sat the 'same:times::: 
Obviously,: since: the matter is’a military: secret; the ‘various 
forms of! anti-submarine devices cannot be explained: in detail. 
It maybe said; however, ' that the first types-of these apparatus 
were: rigged <outboard,:and: that,:in the ‘second :stage of their 
- evolution, the devices were towed astern or rigged through‘the 
hulk: All ofthese methods, however, ‘proved inadequate; since 
it: was. impossible for the hunting: vessel-to. use: the:apparatus 
while utiderway. | More recent experimentation: has developed 
a‘ dévicé!in:which the “ears” are:made‘an integral part of the 
hull:of»thevessel,»and hence will serve: while underway. : 
Considerable progress’ inthe! perfection! of:these devices. 
was being made when hostilities endedi*) While the ideal detec- 
tion itistrument has’ not 'yet»been evolved, tit is wholly probable 
that» further experiments, now utider way, will:result: inthe 
development iof-devices'as far ‘in advance of the: present ‘types 
as the Jatter/exceed the first crude detection instruments.» 
‘i delium.—-+Helium:is the mysterious gas which; camouflaged 
as “Argon,” the Bureatrof Steam Engineering 'and the Bureau 
of Mines:of' the Intetior' Department:'strained ‘every nerve to 
produce in quantity during! the last‘six/tmonths of the wari’ 
The hydrogen employed for floating observation and ditig- 
ible balloons ‘has one vital: defectits*inflammability:”” When 
struck: by:4n inceridiary: bullet: the balldon instantly ‘burstS into 
voleanic: flame:and:: falls: in smoking: fragments to ‘the earth. 
Helium, om the ‘contrary,:is an inert-gas like nitrogen.’ Its use 
in balloons means, therefore, that the fire risk is eliminated} 
and i|that»a: helium-filled airship could be brought down’ or 
seriously: injured only! by driving an/ airplane into it) °°” 
+; Helium is a‘relatively rdre gas,:and it is both: dificult’ atid 
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costly to separate: it’ fromthe: mixtures! in which: it; oecurs:in 
natural! deposits... Until the:year:1918 there had never been 
more than five cubic feet:of: helium:in any one container, and 
its cost had: been from $1,500 to. $6,000: per cubic foots: Our 
Government :is now: producing it:at arate of about, $80.per 
thousand ‘cubic:-feet, and shipments! for. use in kite balloons for 
the Army ‘had been made just prior to the armistice.) «-:' 
Investigations, made prior to the -war, showed :that.con- 
siderable quantities of -heliusn existed in the natural gases: of 
Kansas, Oklahoma, and Texas... In the ‘Province ‘of, Ontario, 
Canada, an appreciable amount. of helium was) also found in - 
certain deposits of natural. gas there. In any case, the most 
practicable means of separating the helium from the other com- 
ponents of the natural:gas was the liquefaction of all of: the 
gases except the helium, which:could then be drawn off... This 


. process involved the use of apparatus for:obtaining: tempera- 


tures as low as 317 degrees F. below zero. 

While the United States remained neutral piling: was done 
with our deposits of natural gas containing helium. But: as 
soon as we entered the war the British Government referred to 
our military and naval authorities various: research problems 
whose solution would aid in ending the’ war. _Among those 
problems was that of securing an adequate supply of okie 
for use in observation and dirigible balloons. 

This question was considered: by the Joint Army and Navy 
Aircraft Board, and the result of the deliberation was that the 
Bureau of Mines began the design of a plant, on original lines, 
in the endeavor-to lessen) the cost of separating helium, while. 
the Bureau of; Steam. Engineering of the’ Navy Department 
insisted, on modifying. existing apparatus and,:so fat as:possi- 
ble, on securing the help: ph ee companies in — 
the gas. 

So the effort.to caiinin “Atgon,” the: easndilldnaged helidim, 
was prosecuted. vigotously.. The Bureaw‘of Steam: Enigineer- 
ing. enlisted, two, organizations in» the matter,:the only:ones in 
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this country: whichhad) the necessary experierice: for such 
novel-work. The Aircraft Board had made recommendations 
in“October; 1947) and, ino March,» 1918, the first; of these 
organizations had a plant in:operation,:This was followed: in 
May’ by ‘the ‘completion of a unit: by) the second» company. 
During the éxperimental period: of: the operation! of these 
" plants the Navy Department has beer in: close touch: with all 
that was done and with all organizations: which could: aid in 
the work: 

Experimental work: has’ continued) steadily with the earlier 
plants and that of the Bureau of Mines, which was completed 
in -October;:1918,\» The production of helium: im quantity was 
recommended »by the! Aircraft Board ‘in August; 1918, and, 
when this recommendation was considered by. the Secretaries 
of War and'the Navy, it was decided that: one:agency: should 
do the entire work, the Navy Department being the one desig- 
nated. » Since that decision-was reached a production plant has 
been designed; under direction of the Bureau of Steam Engi- 
neering, by the organization which built::the first -of the two 
experimental plants noted above, and: the construction of ‘the 
buildings at Fort Worth, Texas, has been undertaken: by:'the 
Bureau of:Yards and Docks of the:Navy: Department: A: pipe 
line: to: supply the: plant: with: natural, gas is: also:being ‘laid. 
The first:unit :of | this quantity-production ‘plant should: be‘ in 
operation by next March. So America*has:solved the — 
‘of helium: for aircraft and observation. balloons, \ » - 

Submarine: Radio; Equipment..-A riumber’ of: rintaphded ad- 
vances in Radio Telegraphy are due to)the action ofthe Bureau 
of; Steam Engineeting: i The:work! on the ‘various systems 
described ‘below ‘has-been: done meee by aeetelite’ nS in 
coopération: with:the 'Bureait:y; 1. 

; For example, take:the:radio equipment of sical "Pie 
vindenwatér, radio equipment for ithese boats consists? ofa 
single-turn; insulated lobp antenna. The:loop'is!made up ‘of 
two highly insulated wires, one of which is groundéd’'to'the 
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hull at the bow and leads aft to the conrfing tower and then 
down through a deck: insulator to the radio room. | The! other 
wiré is grounded to the stern of the submarine and leads 
forward to the conning tower and thence to the radio room. 

This constitutes a closed loop having the hull for a return 
wire. This loop is connected to the standard radio equipment 
in the usual manner, except that a condenser is used in series 
with the loop when transmitting with the loop. It is possible 
to receive under water at depths reaching 20 feet by this 
apparatus. Sending under water has not so far been accom- 
plished. 

Subterranean Radio System.—The underground radio sys- 
tem experimented with, and from which the developments 
were made, was that of Mr. J: H. Rogers, of Hyattsville, 
Md., and consists of highly insulated wires laid in moist 
earth or water. These wires are laid at the four. points 
of the compass from the receiving station, the outer 
ends of which are insulated. The ends of the wires in the 
receiving station lead up to a selector switch. This switch is 
connected to the receiving set, by the use of which. various 
combinations of wires ean be obtained. The underground 
wires are of different lengths for the different wave lengths. 
The standard receiving apparatus is connected in the usual 
manner. Efficient reception with this system is. penn it 
has directional qualities. 

Radio Compass.—Let a wireless wave e ates a jmiiaidiie 
loop, kept in a vertical plane and having a detector in its lower 
side. Also let. the loop be capable of rotation on’ a vertical, 
central axis. . Then, if the plane of the loop. is: perpendicular 
to that of the wave, the currents induced in it will neutralize 
each other, and the detector will register no sound. But, if 
the plane of the loop is at any other angle’ with that “of: the 
wave, the induced ‘currents in its vertical sides will have) the 


same direction, and a som: — be peeved iste ae the - 
detector, . Aas i becarbeltet! 
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This‘ is the basic principle of ‘the Radio Compass. In: using 
it, the loop is swung, first, in one direction until-the sound 
received’ from the’ detector is: loudest; then in the other direc- 
tion “until the sound received*there reaches a maximum) and, ° 
finally; the angle between ‘these two maxima is bisected, and 
the plane of the loop if ‘set at this mid position will be pointing 
directly at the station from which the wireless wave emanated. 

This compass has been so perfected that it is possible to 
steer a ship into port in any weather by its use. Recently, one 
of our naval vessels got its position in foggy weather from the 
station at Cape’ May, 280 miles distant. 

Radio for Aircraft—Radio telegraphic: apparatus: for 'sea- 
planes has been ‘developed which is ‘efficient for ranges up to 
200 miles, and for dirigibles up to:600 miles. Radio telephone 
sets, having ranges one-half those of the telegraphic; sets; have 
also’been developed. A trailing wire is used as an antenna. 

Communication ‘between planes in: flight’ is possible up to 
ranges of 75 miles by wireless telegraph and 50 miles by tele- 
phone. The’ most satisfactory radio telephone for seaplanes ‘is 
the product of the General Electric Company: ‘Radio tele- 
phones have been installed! on virtually all our: naval vessels, 
the ‘type used being principally that! furnished by the Western 
Electric: Company. ‘The radio: telephone has: beer éspecially 
valuable’ for manoeuvering: hunting er of submarine 
chasers and seaplanes. 

A radio compass'‘has’ also ‘been ‘ developed nee the Bureau 
engineers for the ‘purpose’ of’ determining “direction ‘by radio 
signals received’ in an airplane.’ ‘The instrument’ gives: fairly 
accurate’ direction up to’ 500 miles>when the plane isi in tight 
and is ee —, ‘for: repeats hs. a rae 


REPAIR OF THE GERMAN, MERCHANT. SHIPS. DAMAGED, By THE | 
VANDALISM OF THEIR, CREWS, .. 


\-Dhe almost ineredibly rapid repair of the Cecelia merchant 
vessels lyiigin our ports and seized by otir Government when 
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we entered the war makes. one of’ the most striking and dra- 
matic stories in the history of naval engineering. J,am unable 
to give it in full, since the! Secretary of ‘the! Navy) will ‘treat 
’ the matter at:some length in his‘ forthcoming Annual Report, 
and I may not anticipate his statement. 1 will, however, give 
some details—engineering oe will probably..not be 
embodied in that report. 

The views which will be shown comprise: one dorcel the 
use of oxyacetylene welding inthe repair:of some of the large 
main cylinders of these ships, and others illustrating the repair 
by electric welding of broken a of the ene: of; the 

ex-German steamer Santos. 

The Santos, I should state, is not one of the vessels seized 
by our Government: When war broke-out, 46. German: mer- 
chant ships were interned in Brazilian harbors... When Brazil 
entered the war its: government seized these) -ships,:-but, not 
before: some; damage had been:done to \their machinery) by 
their crews.: Later, Brazil turned over 29-of these vessels to 
the French Government. One of them; ;the: Santos, could not 
be repaired with the facilities ‘available \at Rio Janeiro, since 
her machinery: was virtually ja heap of junk. ; 

So the French naval attaché at Woeshiagtots appenied-te to our 
Navy Department, and, at the suggestion of ‘the Engineer-in- 
Chief, the broken parts of: the: Santos, machinery. were icrated 
and shipped to the Philadelphia Navy Yard, where they, were 
repaired. by electric welding under the: supervision of Captain 
Clarence .A. Carr, Engineer Officer.of that yard, »through 
whose courtesy Iam enabled to show the Santos views tonight. 
Their:value lies in:thefact:that ‘they form. a complete. series, 
illustrating: fully’ the methods ‘used by; our Navy in repairing 
the ships we seized, except that, in most cases, our work was 
done on the broken cylinders while they were ‘in place and the 
engines were not’ dismantled. ' 

There were,.in all, 103 of these German,ships seized.by our ~ 

/Government.,, Of this number about)50, were turned over.,to 
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the Navy by the Shipping Board for: repairs. The: major dam- 
age inflicted’ was 'the breaking: of cast-iron: parts: of: the main 
engines, ‘chiefly the:cylinders: But, iniaddition,:some connect- 
* ing’ rods, pistory :rods, and: boiler: stays.were sawed: through, 

boilers were butried out: by : dry: firing, and:ithere’ was, much 
minor vandalism:: 

The chief problem, however; was the repair: of the broken 
cylinders, some ofiwhich were more than: nine feet in diameter. 
The Bureau: estimated: that with such» facilities as, were:avail- 
able for:'this heavy work it would take at least eighteen months 
to replace. the damaged: cylinders by new ones!; Meanwhile 
there was bitter:need) of rapid::transport for; our troops to 
France. |::On: the removal of that crisis there seemed to mse 
the: salvation of Christendom. ° 

 Atithis juncture, ‘Captain’ Kart 'P: aidan — Friginesr 
Officer of the New York Navy Yard; recommended’ that re- 
pairs be:made by welding, and:i this ‘recommendation he’ was 
heartily supported by: Rear: Admiral: George E..* Burd, Itidus-~ 
trial Manager°of\\that yard» The Engineer-in-Chief ‘at’ once 
ordered: Captain Oscar W: Koester} “Assistant to the Bureau, 
to: New York to investigate the ‘situation’ fully. As the’ tesult 
of his report the Bureau immediately: issued: orders’ to make 
repairs, where possible, :by electric “or oxyacetylene ‘welding; 
and where welding was impracticable owing to the location of | 
the break; to‘resort to: mechanical regan dite ead _ bia 
patches”secured: by body-bound ‘bolts, (90°) oy 

‘From: this‘ stage onward the Engineér-in-Chief'' sai the 
répairs- under the personal'supervision of: Captain Koester, ‘who 
in his resourcefil “ability and driving’ power’ is unsurpassed. 
His work went on night and‘day, and ini five“mionths he trav- 
éled about 14,000 miles in'railrdad trains from One navy yard 
of! private ‘plant to’ahother aldng ottr sAtlaritie coast? At the 
expiration ofi'that! period, his ‘huge ‘work was ldoné ard the 
ships were ready for service, 692 10! eto qzo% orlie [ip 1) betsg 
brAs.isooniias repairs) were:'completed “Ot ‘each “Vessel “the 
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strength of the new seams: was tested under the full pressure 
of the original design, and none: failed. She: was, then sent 
to sea ona minimum trial run of 48 hours under full power, 
the instructions to her: officers! being to. break down the ma- 
chinery by legitimate over-work, if they could. ‘Every engine 
on every vessel withstood all tests, and the — have been in 
continuous service since then. 

Some few ‘of: these large ee ten; I believe— 
were repaired by oxyacetylene welding. This: method was 
abandoned; however, not because of the quality of the weld, 
but! becauise the method did’not suit the conditions. With it 
the «cylinder had) to ‘be-dismantled and removed, and then, 
owing to the size of the flame, the huge mass of! metal had:to 
be pre-heated. These conditions didnot exist with the:electric 
arc, whose, welding point! is very small and:.can be localized, 
and whose temperature can be absolutely controlled. 

As, to, the. employment of; the) electric! arc, fot this: purpose. 
this method‘ is too-well known! for: description: here.).. _Its:use, 
however, oni'such, an, extensive scale..was tnprecedented, and 
great credit: is due the staff-of the welding ‘company who. did 
so rapidly such perfect and, at the time, such vital work, and 
also, to. the; officials, of that company; who! personally cooper- 
ated with the Navy, in this great undertaking. 

The. rapidity of. getting these:ships ready for service was 
facilitated by:one other action, On-many of them, in addition 
to the damage done by vandalism, ¢xtensive' repairs were nec- 
essary, owing to their deterioration; from long. idleness... As 
the necessary overhaul and all-routine: repairs could: be-made 
by.a capable naval.crew, under able officers, the Engineer-in- 
Chief laid the matter before Admiral Benson, Chief of: Opera- 
tions, with the request that the!ships be fully commissioned 
before repairs, were begun. .This was.done, and. thus: while 


the welding operations, were, in -progress. the —* were ree : 


pared in all other respects for sea. : 
One_ other: feature jof.this,matter, ‘jae oniniets and 
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that is the military ‘value of this work im the transport of 
troops: These fifty ships: were in service’ for about a year 
before hostilities ended, and this is approximately. the time 
saved in these repairs by using welding methods... Twenty of 
these vessels can carry about 70,000 troops in one.trip,.and.ten 
round trips a year is a conservative estimate of) their, per- 
formance. » Representative. Young; of North: Dakota,,,who 
crossed the Atlantic in the Leviathan, stated ;recently in, the 
— that she had transported: more, than 99,000, troops up 

to August 20, So it may. be, justly. claimed .that the rapidity, 
of these repairs had a marked -effect, on. the early. end..of the 
fighting in France. 

It‘ is true, that, criticism was leveled at.the Bureau for using 
these welding methods, and, \too, by not a few engineers and 
shipbuilders..., But the, answer to all criticisms from every 
source is that the| ships are running without accident or delay. 


THE ELECTRIC DRIVE FOR ‘BAMLESHIPS, 


Js hens stormy days toward. the) énd..of , the Civil Naas 
Isherwood, that.master, engineer, designed for the United 
States Navy. the 17-knot: cruisers: Wampanoag and. her. sisters, 
which, ‘as; their trials. proved, .were: incomparably the, fastest 
ships, naval .or, merchant; at that time, in the, world. |The 
jealousy and: ignorance of those days..of. semi-sail,, power 
brought down on: him a storm of criticism, and ultimately. the 
great Engineer-in-Chief was forced) ) to. see’ his! _—— shign 
rot at their, moorings, . « 

In theyears ‘since then there:has been no fit comparison with 
this : shameful; episode: in, our naval: history, except,; in. less 
degree, the similar.storm: which burst on the head.of, the pres- 
ent Engineer-in-Chief, when, with high courage and far. vision, 
he urged. -the introduction. of |.the electric-;drive for’ the 
propelling machinery of battleships:and: battle cruisers.; | 

In one vital element, however, there was:-a: radical-:differ+ 
ence -bétween these. two historic:controversies,, - Isherwood:was 


— nae 
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faced by a\preponderating opposition: from: the! officers of the 
old sailor Line of the Navy, ‘and, on the contrary, the adverse: 
criticism’ as' to the:electric drive had: no naval: origin..:| By far 
the great majority» of the’ Navy-—its officers ‘and officials— 
stood to .a man behind the Engineer-in-Chief in his) atandfaah 
and virile’ insistence on this innovation. © 

The crux of! the opposition lay apparently, in consmuiieial 
reasons.’ It-is'true that'some ‘eminent engineéts in civib-life, 
who had‘ no’ financial interests in the matter, were wholly ‘sin- 
cere in voicing their disapproval of what, with their inadequate 
knowledge’ of naval’ conditions, seemed’ to them:a hazardous 
venture. But, as to others, whether the basic’reason for! the 
war waged on the Bureau af Steam Engineering in-opposition 
to the electric drive’ was patriotic or pecuniary ‘may well be 
left to those wlio made the attack!~‘T may say, however) that 
the question of royalties’ was ‘involved’ in the’ difference ‘be- 
tween the use of the turbine in driving. the propeller shaft 
directly or through interposed gearing, and its use indirectly 
as‘a ‘primary source of power ‘for generating: anelectric cur- 
rent to drive that shaft-through an‘electrie'motor, 00 9": 

- The: conspicdous feature ‘of: the ‘controversy thus ‘forced on 
the’ Navy’ Department ‘was’ ‘the vociferous ‘propaganda: con- 
ducted by the opporients of the ‘electric drive; in' telegrams-and 
letters to, and interviews: with; the Secretary of the Navy; ina 
letter tothe President of the United States; in letters ‘to! the 
chairmen’ of the Naval’ Committees of ‘the: Senate; andi ‘the 
House of Representatives; and in a numberof: other ways; 
including ‘a ‘letter! to the-Secretary ‘from! a>distinguished pto- 
fessor'at.aigreat University,/recommending-—at the’ request, he 


said; of somebodyelse~a: proposition ‘made’ previously that a 


Board’ of impartial experts ‘be ‘appoitited! by the’ Secretary of 

the Navy to consider and advise on the whole matterthat is, 

to tell the: Bureau of! wine ‘Engineering: (just: what iti —— 
doin its own business.2%9(!) siovovor ,imomels Inity eno 


2 sAnid, too, this mas had sits: Lighhble iideoitsl cee 
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ainplé, .oneprominent>electricalexpert! wrote: vigorously 
against the use: of electricity in this: way, and then; | apparently 
under ‘busitess pressure; wrote again, and just°as: vigorously, 
approving ‘its use++to' the: huge!amusement of: navak officials. 
And;«further, the editor) of: a)technical journal made himself 
absurd by»-presuming: to tell. naval! officers: and» the Navy» De- 
partment the ‘kind! ofships it! should ‘build; and: by: attempting 
to arrogate to himself a knowledge of naval matters superior 
to that of the General Board:of the Navy;: which had examiried 
anid approved:the design he erititized: «ii : 
Throughout’ this controversy . the: Erigineer-itiAthief: ‘held 
ufiwaveringly!to his‘ decision.:° No arguments) had | power: to 
turn ‘him)*for’ he-had* what his ‘critics lacked, ‘detailed knowl- 
edge ‘both°of naval requirements: and‘of the:performance: of 
electricity as a’ driving: power innavabvessels.. ‘About seven 
years’ before, the: naval collier Jupiter had been: thus: equipped 
by his predecessor in office; ReatAdmiral Cone.:::As ‘soon!as 
-she was’ completed, Admiral \Griffin;'then Engineer-in-Chief; 
' gent the Assistant to the Bureau—Commander,! now Rear’ 
Admiral'S:$.- Robisonto the :Mare Island! Navy: Yard, with 
orders!to’ try the Jupiter's: machinery: at ‘sea ‘in’ |every::con- 
ceivable):‘way:° ‘The! report ofthis: officer: was éxhaustive, arid 
therefore Admiral Griffin’ knew in; every! detail! just how the 
electric: dtive would ‘act! in»all conditions. “So from ancengi- 
neering: viewpoint, the contest: between: nage: bgierric ues its 
critics‘Was’aniinequalioney'v 9°!) +i ogsinevbsaib je 
However, that:controversy: sietnibees aless now; ane, inits 
finish, asa warning to ‘possible'imitators:of'a future day; for 
the contractstrials»recentlyof ‘the "New Mexi¢o—the first of 
our battleships tobe fitted swith» the: electric drive+-have' con 
firmed: fully: the jadgment-of-the Engineer-in-Chiefi2:She was 
tested*in many: more ways that her-contract ‘called for, and 
in alf'she haS:showm herself notionly wholty efficient): but-im 
her systemi-of':propulsion? hee manetvering power, cand! her 
underwater protection; the leatling ‘battteship .dficher:day in 
the navies of the world. 


——————————— 
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iw let usiturn to:the technical side ‘of this question. First, 
I need hardly say here that the steam turbine has. replaced the 
reciprocating engine for. battleship propulsion. >: And I need 
searcely add that the combination of a turbine—whose maxi- 
mum ‘economy is shown at 2,000: revolutions or more—and a 
propeller—which; ‘in a battleship, ‘should not: exceed 180 to 
200 revolutions—presents a peipeteteies — of some ‘com- 
plexity. 

Evidently an intermediate reducing detehestidan is siete 


_ There are now a number of these reduction gears-—mechan- 


ical, hydraulic and ‘electrical. - The view shows: the arrange- 
ment) used ‘in one of:our older battleships. She .is'.a twin- 
screw vessel, the two propeller shafts being shown’ at the left 
side of the diagram. The high-pressure and: low-pressure tur- 
bines for each sctew:aré in:series:and are-‘mounted on separate 
Shafts, each shaft carrying a pinion which engages in ‘single 
reducing gear of large: diameter’ keyed to: the propeller shaft. 
Each’ — turbineishaft;carries also’ an astern or 
backing turbine: saps ott 

The principal tijeeticeos to! this eevsgiiciats ‘is the necessity 
for, not only:a backing turbine: on: ‘each screw: shaft; but one 
which gives only about 40 per ‘cent of full:power, since ques- 
tions,of weight: and: of, space forbid’ ithe use)of/ a» backing 
turbine of the same size as;the ahead ‘turbine, and‘ hence; the 
result is a: short one ‘operating at low»economy. A minor, but 
important, disadvantage is the very» considerable: width: in‘ a. 
transverse or athwartship direction of the:machinery space. 

Now consider the electric drive,'as shown diagrammatically 
by the view which follows..:\:It will be seen: that) while: the 
turbine. is still'the: primary source \of | power, it, operates an 
electric - generator instead of .a' screw propeller; and, as: the 
view of a four-screw»ship! shows, the electric: power | thus 
developed: is transmitted to motors on the propeller shafts. in 
much the same way as electric power is transmitted: on: shore. 
In other:words, theré:is:a ceritral power: plant—composed of 
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boilers, turbines and eléctri¢ generators—and. the power is 
taken’ from this plant:to the motors on the’screw ‘shafts:, 

This installation possesses’an advantage over-the ‘direct or 
geared-turbine drive; in thatia backing: turbine is:not required. 
The reversing is done through: the motors with: the! same ease 
and certainty asin any other electric: motor installation, and 
with the further se st that: full ‘power can be! ‘utilized i in 
backing. 

With a suitable:construction of the motor, tie tostinss can 
be driven at maximum: economy: for both the full spéed: and 
the cruising: speed of the ship; for other’ speeds, the turbine 
and alternator must: be slowed down in:the tisual manner. This 
arrangement therefore ‘gives: a two-speed, reversible motor at 
maximum — in both speeds and>with full — in 
backing. ff htt 

The imnibdtioes of the backing turbine isa ritahton “és prime 
importance, :since'-most \of the: accidents) to: turbine-driven 
vessels) of the:Navy are due to it.2sForsexample;:the-dréad- 
naught Arizona, im her -first/tripsfrom:New York, had:been: 
making a very fine record in straight-away steaming, but when 
she began maneuvering one of her-turbines came to grief, and 
she had to limp back to the New York Navy Yard, with a big 
job.of re-blading tobe done, . 

The. electric, drive has numerous.other idenaines which I 
cannot. now recount. In; sum, its use gives: 

Greater, flexibility and.control in,the use of, power,.., 

Improved economy in evesysiday: service. and, sit economy. 
at high speeds. is iad 

Less liability to serious priors sie r mailed. 

Less likelihood of the speed of.the ship being seriously af- 
fected:in the.event, of,injury.to’ the turbines:; ..{; ..) [>> 

And, these; two, paramount advantages: .).). | as¢ yy 

Military, superiority, from,.greater maneuvering, power ;) 

Military. ossiuntinels Aue .,to,| iiapbicnne wndonsmitess ties 
tection. |,» 22 i sod ott 
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In the noble future: which: the destiny; of) nations fore- 
shadows for this: Republic two things seem:clear to our: vision 
now? first, that the United ‘States -is to havea htige merchant 
marine, perhaps the largest» in the ‘world; second; that» for: 
guarding: that commercial fleet: and to:do»oun share in keeping 
world-peace we are to: have also a Navy at:least equal to, that 
of any: other nation. «So.any:‘advance which! :adds::to : the 
efficiency of our fleet is of fundamental value to us. 

This the electric drive does.) Its advent: has, in fact, revolu- 
tionized the propelling systems of the battleships of. all navies. 
Secretary Daniels: has | written,):in courtly »phrase, of‘ the 
vision and the wisdom of ‘Rear! Admiral Griffin” in foreseeing 
all this; but it:should not -be, forgotten that the: Secretary: of 
the Navy,''to his’ everlasting; -honor, :stoodloyally::by: the 
Engineer-in-Chief throughout this bitter controversy. ;:Aind, 
too, we owe' tribute to a distinguished engineer,’ Mr. W.-H.) R. 
Emmett; ‘ati: Annapolis! graduate, for ‘his::steadfast- advocacy 
of the electric drive, and, as well, to the great:electrical organi+ 
zation.on whose staff he:is, and whose enterprise:and atigpnee 

“<a na this advance apeetiie rroasn on 


“CONCLUSION, 


I have endeavored this evening to'give in swift sle-iayi some 
account of the achievements of the Bureau of Steam Engirieer- 
ing during this war.’ ‘The "scope ‘and’ magnitude’ of its work 
have been'so’ great, ‘however, that ‘my resumé has been ‘neces- 
sarily ‘both: general and’ ificomplete?’ “And yet; one ‘fact should 
be clear: that an immense amount os ~_— has beet —— 
rapidly anid with’ full efficieticy: anerisecot yarlidsil eed 
~UAS'to that work Tmay‘say enwie T have‘ no “authority 
to speak for the Engineer iti/Chief! Tam! suté°that T voice his 
views when I state~#nd with ‘pleasute® before this’ Sociéty— 
that; ‘although! aH’ of this Work hasbeen ‘done utider ditection 
of 'the’ Bureau) it’ could not! have ‘been Geconiplished without 
the hearty codperation and assistance of those ship and engine- 
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building establishments which delivered battleships, destroyers, 
submarines and submarine chasers to the Navy during the war. 

Still less would this,work have been possible without the 
whole-hearted support of the large manufacturers of. steel, 
and of copper and brass,’who’ were ‘the first to place their 
products at the disposal of the Government. To the great 
electric’ companies, ‘to a' large: manufacturer ‘of ‘boilers: and ‘an- 
other of pumps, atid to the smaller manufacturers, whosé tiame 
is legion and whose output is to be found!on’every ship, great 
credit is due for their aid°in — successful so —— 
an undertaking. 

And, last, but far ftom least, our Navy Yards ‘ii the sieiniy 
private plants whose facilities have been utilized ‘in ‘repairing 
the machinery of our ships,’ and‘ in thus ‘maintaining ‘the: effi- 
ciency not only of the Fleet but of ‘the vessels engaged in the 
transport of troops and. munitions, “deserve the highest praise 
forthe. ‘energy and efficiency which has characterized’ their 
work during this war, . 

I have added pleasure i in this tribute here, since so many of 
the men, interested i in ‘this vast aggregation of. engineering and 
shipbuilding enterprises are members of this great national 
Boniety 


fitHit! 


walrrecyr 
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DYNAMICS OF GEAR DRIVE: 
By N. W. AKIMOFF. 





In‘a recent remark in the “International Marine Engineer- 
ing” I gave a-short outline of the problem of the rational 
design of the gear drive. 

There is absolutely no escape from the fact that, so far, the 
design of this drive has been based only on.the Static con- 
siderations; the Dynamics has always, been left severely alone, 
assuming therefore— 

1.,That the shaft is selina short, and just as znfinitely 
rigid. 

2, That neither the gear nor the propeller weigh anything 
at all, or that their radii of gyration are next to zero. 

3. That, instead of the propeller we have something like a 
generator, under an absolutely constant load. 

I will ask the reader, how reasonable these assumptions 

really look. The whole thing boils down ‘to this: do we 
want to know what we are doing or don’t we? Here are the 
facts: 

1. The shaft is generally both long and comparatively 
slender. , 

2. Both the gear and the propeller are exceedingly heavy, 
and their moments of inertia are tremendous. 

3. The resistance offered by the propeller is not constant 
but periodic, each blade contributing one maximum and one 
minimum during each revolution ; so that, for instance, for a 
three-bladed propeller we have three impulses, of some kind, 
per revolution. Just what these impulses are is another mat- 
ter, not in the least interesting from the immediate standpoint 
of the present discussion. Prof. G. K. Calhoun, U. S. N., 
thinks that the predominant cause of these vartations lies in 
the proximity of the rigid boundary (the hull proper) ; while, 
on the other hand, I personally feel that the variation is 
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largely’ dtie to’ the ‘variable: submergence ‘of the’ revolving 
blade, ‘wrapped up’in its vortex, all‘of which will be submit. 
ted later; ina ‘separate’ communication)’ From Adimiral 
Dyson’s rethark ‘on page 107 of‘ his' book on Propellers, it ap- 
peats' that tip clearance has a great deal to do' with vibrations 
in general. 

At any rate these three (or whatever the number might be) 
impulses per revolution, are’ somewhat in the nature of exter- 
tial ‘petiodi¢ force (we say force, in the generalized sense, of 
course), the magriitude of which we rieither do nor ‘care to 
know, but whose frequency, at least, is'something tangible. 

. They are probably not very great in themselves, but if 
their frequency is the samé' as (or near) that of one of the 
‘natural modes of the angular, torsional, vibration of the elastic 
dynamical system, gear-plus-shaft-plis-propeller,. then  syn- 
chronisti' ‘will take place and there willbe trouble: 


So, if wereally mean ‘to know what weare doitig we must 


either make sure that such synchronism will not take place’; 
or, if it cannot be ‘avoided, for’ some: reasons, that we have’ at 
our disposal certain means whereby to patalyze its effect. 

The most important part of the problem, ‘therefore,’ is’ to 
know at least the’ fundamental frequency (the'gravest mode) 
of the system shown in the'sketch. © 


~ arene ates a 


+ 


“nade™ Oy Eder 


dy. i mi | Bh 
The fact ‘that the shaft does por t float | in w thie ain. ss fis 
mounted in bearings; does ‘not ‘matter, very much; friction, 
unless abnormal, \does: not materially. change the rate of free 
vibrations. fesirematel eT 
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That such: torsional vibrations, actually take place, hasbeen 
known for the past eighteen years... Dr. Hort’s beautiful book, 
Technische, Schwingungslehre, gives;a-fairly complete biblio- 
graphy .of| this:subject.;.in more recent years, the, matter, of 
torsional, vibrations hasbeen looked into,.from, experimental 
standpoint by our Navy Department, and the article,on.the 
subject, by Naval .Constructor. Wm..McEntee,, published in 
this Journal, is no doubt -well. familiar, to its,readers....... 

However, most,-of these; papers and.articles;deal. with en- 
gine drive, assumiag, the resistance of the, propeller.to, be 
coustant,.and mot,,periodic, and ganlinn with eonaiderable 
ee 

«We shall eaters derive a pospelig oe solution of. the problem 
in.a manner that could; be. adapted ‘to. be of immediate benefit 
to, the designer.of agear drive + 9-6. 

Problem.; The length, of,the shaft,is 4, ra polar casuals of 
inertia of its cross-section) is Js;.the, area of cross-section is F ; 
the, modulus.of elasticity (shear) is,G;,and.the mass of .nne 
linear |foot of shaft,is.7,.the-radius.of gyration, of the ¢ross- 
section being «The weights of the.gear; and, the, propeller 
are Wg and Wo5-their, moments, of sinertia,.ate.Jg, andy Jp. 
Everything, in. feet,and, pounds..., Find she frequency of, the 
fundamental mode of the torsional, wibration, ot such.a.system. 

Solution. ‘Taking, at random, any cross-section of the shaft, 
whose distance from one of the ends is, say, x, and dettoting 
its. angular deflection from the normal. Position by 6, a 
teadily see that the unit-deflection (angular) will be, ca SO 
that the torque; or arenes due to elastic forces;: wilt Ibe 


weds. Z, at ~ Coe eat (x) 


In‘an adicining section, dx apart from the one we considered 
above, the moment of elastic forces will Biter sommes from 
hecho: nell belt jon za0h 1 isd} jos} of T 


oily mi beimnon 
1 eae read 7) 7 Letty de grate) 


(by Calon series) anoierdiv 
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'>Hence an immediate solution of the problennof the motion: 

(torsional) of the slice dx itself: indeed, the moving‘or' exter- 

nal) fotce'(imour case: moment) ap then ibe» 1! sq off 


| _ dM=GJe 24 de, 6 DRL, am 


. while, the, mass (rotational). will be; oo thes moment | \of 
inertia of. the Slice, ax, that. is... . 

4 ee GAH go 2 

the. aeceleralin of, this, element, (of; course pense veill te, 


a and since “the prittciple force mass s aécéleration applies 


to rotational motion, if. pat instead of force we take the.cor- 
responding. moment, instead of. mass..the, moment; of inertia, 
and, instead of, linear — even iwe have, 


@y38 =7o ited ess. 191 ‘ : @ 


Dividing by a which of course Beh, we have 
: GFd’0 a0 


—_— = = 


ee, “a 


of; representing, for convenience, et by a we etn have ' 


i negromabaproigies af. ctaseeato te) 
This is a very well known partial differential equation, ‘gen 
erally referred to as equation’ of vibrating strings; although it 
is really the eet. pa of all — on — ow 
in general. 18S 
Even before we ave found a etition of this egnetton we 
can reaplily'seethat the lowest tote, or furidamental mode, ‘of’ 
such a vibration will comprise one node, or position of rest, 
somewhere along the.shaft, so that both ends will move in 
opposite directions, reaching their, extreme, positions at the 
same time; also passing —— their, onaneae position simul- 
tatieously. . . Seg 
For an énkoaled ‘shaft of Niifoos cross-section the node 
will ‘nattirally “be! in’ thé! iniddle; for ‘a shaft! having heavy 
- masses otf its ‘ends, 'tiothing can be stated, beforehand, regard- 


4 
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ing! ‘the position of the node, except that there! will be-one, 
somewhere. os , 


The particular solution ‘of the equation (5) i is’ sompist in' the 

form ee 
6=A. sin fi. Selah ites cones . (6) 

Here the constant ‘A’ has sottiethitig’ to'do with the aitiial ° 
amplitude, and from our standpoint’ is only’ of ‘secondary in- 
terest. But the constants p and m are of immediate importance: 
pis the frequency-constant'and # apparently has something to 
do with the form of the curve (sine curve in this case) which 
will be the diagram of the angular twist (not the elastic curve, 
as ‘would be the’case in @ problem on’ transverse vibrations). 

In order to see if there is any contiection between p and m, 
such as would enable them both 'to'satisfy our tentative’ solu- 
tion (6), let us substitute the latter into (5), upon proper dif- 
ferentiation as to x and ¢.~ We have, : upon obvious reduction 

pHa’, a a i at nl ae (7) 
’ which establishes the relation between / and m. 

We shall now look into the end conditions: let us assume 
that, the location of the node -is established by dy and Z5;/both 
lengths so far unknown. 

Consequently the torsional irioment on the left end will be 
found by. integrating ( 3) between zero ‘and 4g, this will give... 


_— ae =) dx} x— ‘ee 


This very pacer is opunattinn on the gear, whoa, easenent 
of inertia is, Je; applying therefore the same principle (and in 
the same sense).as above, we. bane renee peerage en 

: VUiw wotistity s do 
Gn). de ae GBP ts ntl 
and, in the same mantiet, ite the other end” aac 


7 ag <b Ge ae _— 


rhe s sign — - means ‘dt the moment Gn, our case va elastic, 
resistance). tends, to bring the body, toward. zero. position (of, 
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rest); as is ‘the case iti all elasti¢ vibrations.” Utilizing the 
form (6) adopted above, we have 
GJ; sin. pt. cos. mig=Jgf sin. pt. sin. mlz, . . (9) 
GJ; sin. pt./cos. mhy=Jpf’ sin. Pi. sin. Mlp, 
or, simplifying and remembering that 


f=a'm?, also that ak a 


we have' these two equations in theit final form |: 


> me ta mle) sg 


m tan (m. mat 


where J, is, of coutse, the moment of inertia of one linear foot 
of the shaft about its axis. 2 


To these we must add the obvious relation 


deh heal M4 A ttt teitth pceetiee SEPP 
och these chtes Readies will :deterniine the three saneagaones 
of our! problem,‘namely 7g; dp \aindomyi ) 20001) gitryioz 

‘These are found. by 'thei:méthod of successive) a ee 
tionsi: | First; we»assume aocertain valuecof:d:and find) the! 
corresponding value of m from the 'ifirst: equation s(10);\this. 
value of m will now be substituted into the second equation 
(x0) and the result solved for 4. If the value of 4 thus found 
does not check up with the condition (11), another trial should 
be resorted to. 

According to the remark made by Prof. Timoshenko (of St. 
Petersburg) in his paper on shaft vibrations, we should always 
begin by the following approximate value of /, 


J, _ Jp _ 
anil Jot 3 Jet+Jp 


let Jot 3 


Having found a satisfactory value of m we must utilize it 
for finding the desired frequency per minute, N. 





(12) 
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‘The following reasoning will be found quite obvious since 


-p=am'= thet we have 


_.IGF 
pV mn Ens 


so that : ‘ 
N= SVS mF =103,000 VF 2.” (3) 


The reader, if aah will; check the, following. numerical 
example: 
Ji: =23-2; Jg=12,500; Jp== 3,550; F=.8 sq: ft. = 122 ft. 
Here m comes out to be=.0077. 
The position of the node is given by 


=31 ft; 2>=91 ft; 


and, finally, the to sitgon of free torsional vibrations per min- 
ute will be 
N=103,000X. 0077V B= about 710. 

This means that, for a three-bladed’propeller, the speed of 236 
_R.P.M. wilblead to synchronism-——and therefore to trouble. 

' In solving equations (10):and:(rz)a docinch ‘slide oruleican 
be: used:to advantage; also a table of natural values:of circular 
functions similarito:that given >on page: ‘2022 of — 


Batnee de ee brea — 
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ELECTRIC WELDING PLACED ‘ON ‘A SCIENTIFIC 
BASIS. 


‘By. P Cuban oe Een J. Hy Coie wi 18 C Gy 
dancrges MEMBER." 


blow dsiveteer deh 


‘In order fo insure a. perfedt “weld the elements which’ consti- 
tute ‘the electrode’ and’ the’ object'to” be welded must be ing 
gous, and this can ‘only’ be aeteriting by” research and experi- 
‘ment. “For instance, ‘take two pieces ‘of Stee! trom’ the” same 
plate and weld them: ‘the Place the welded piece ‘ina ‘testing 
machine “and: pull’ me ruptured if the ‘steel is found’ to 
have, for i stl a i tenisife stre 1 OF bo, 000° potitids and an 
elongation of, s say 25 ‘per cent’ in eight’ itches, this steel! “upon 
analysis would probably show: about’ 162° to "182 < carbon’ and 
about 341 inangahiese, “but ‘to be certain, thé’ steel constituting 
the test piece as well as the ‘electrode’ should’ be’ “analyzed.” 

TH i3° a" well known. fact’ that ‘with ordin inary “Openi-hiearth 
steel ship and boiler plates the amount ‘of carbon and man- 
ganese are the ‘deciding factors governing the tensile ‘stren 
and elongation of ‘the: material, ‘although both ‘tens ile’ stten reng 
and ‘elongation ¢ can be raised ‘or lowered by cold ¢ or hot rating 

"Now * ‘continue’ the “experiments ‘with. ‘testing machine and 
analyses” of steel of Various tensile’ strengths and. elongations, 
électtodes of known elements and an ‘electrie ‘current of known 
‘Voltage, ‘and ainpérage. ne a 

The carbon and manganese gontdined’ in’ nee ap 
Bear’ a ‘cettain relation, depending upo on ‘the s ngth o f the 
weld; to the'carbon ar d manganese in th he me aioe ye welded; 
that is, thé'pér cent df ‘eatbon' and! heise in the Peak 
should be high é bough to allow a certain ere m of both to be 
burned out in the eRe of ‘making the w weld and still contain 


, ort t f t at 
the’ Heres Ssit'y ‘almounit’ to insure ‘a strong weld. For ‘instance, 
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it might be necessary to use an electrode containing .29 per 
cent of carbon and .60 per cent, or upward, of manganese, 
while the weld when completed might contain, but ).17 per: cent 
carbon and .32 per cent manganese. If all the carbon and 
manganese contained in the electrode were burned out’ the 
tensile )strength: of :the »weld 'would, probably :not; be greater 
than that of wrought-iron while, should approach the tensile 
strength of the material welded. 

After a,series of tests and analyses together with currents 
of various voltages and, ampéres a point, is arrived at, where 
a weld ceases to be, so,to speak, an experiment in any sense 
of the word, the only undetermined factor being the thickness 
or bulk of plate to, be welded, _ The welder i is no longer obliged, 
except in isolated cases,. to have the, material which is to be 
welded analyzed, , At is only. necessary to refer to the table 
which has been ‘compiled to ‘know which electrode, voltage and 
number of. ampéres.to use for steel of known | chemical con- 
stituents. . In other, words, knowing the constituents of the 
metal to be welded one would. Simply use an electrode and 
current, determined by. these experiments, best asap to 
assure a perfect weld, 

_ Referring to the electric welding ‘St ‘certain parts of the 
steam machinery, of German ships under the supervision. of the 
Navy, Department, the work was performed under circum- 
stances similar to those. ¢ outlined 1 in this paper; that 3 is, ‘a-con- 
stant potential circuit, was used, the. same being not over 40 
volts open circuit. The current was, regulated for a, pre- 
determined value and automatically controlled sO. as not to 
vary more than 5 per cent either way. 

Of course it is, realized that the skill a the. welder will 
always bea dominating factor i in good, welding, but this might 
be termed . a commercialism. and a case of “you pay. your 
money and you 1 take your choice,” for the best welders should 
command the highest compensation. anal 

ti is only, necessary to know the heat or melt number, which 
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is stamped on each ship and boiler plate, to obtain from the 
manufacturer both the physical and chemical tests, and as a 
matter of factithis data. is“uswally' required by ‘ship’ Whlders 
with the > shipment of plates. from the mill. 

The s2 same experiments should be made with cast iron ‘and 
other ‘nietals’to be welded, and thus place electric welding on 
a secure and scientific basis and ‘eliminate all guessing. 

These experiments: could: be conducted / by’ the’ Buréau of 
Standards, with various welding-machines or perhaps the bet- 
ter procedure would be.for the manufacturer of-each type of 
welding, machine 'to,, elgg iL ype sss kate 


cock reehinndlicnd-ce Sadiediod, <: ad ania ils 
‘The compilation;of;data would not, he either, a casi an 
expensive task, for the range of physical and chemical require- 
ments. for. steel plates, shapes and.castings are, not, great,’ say 
between, 60,000, .and.,70,000 pounds. tensile, strength, and. as 
before stated. the amount of carbon: and manganese is.in direct 
proportion: to the tensile strength and) elongation, the.carbon 
being the governing factor, The, highes give senaile: wena 
of the steel.the less. will-he the elongation, |...) 51 > 
‘Phapepboccaen id cepichage seid. Ieeioe: Sat we poseb:tet 
in open-hearth steel made Si i iil naib: the 
ee ee oeienght at oil 
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) OPTICAL METHOD: OF, SHABT ALIGNMENT: 


BEING A REPORT of “REALIGNMENT “OF INBOARD 9 pROPRL LER 
" SHAFTS, vs, Ss 8. %. MySHRIPT | NOMPLE. NAVY... 
, tf <oKARD, JUNE, 1918,,., ean 
Br Carvin Writaabe Noraris,'U» S.: Nase) Manoa 

+9 0 SSRs rhe pai. r atroriey, alin 


The Ur oe $2 ‘Mississippi Had’ caibleresanliee'a vib 
tions; tinder way? in the Vicitiity of the staiboare inboatd pro- 
peller; with feakage atound’ strat palms ?and' hull shag 
As the spring bearings of No! 2 shaft had occasionally given 
trouble, it was believed desirable to’ check! ‘aligniiient af ‘this 
‘shaft ‘the first Opportunity! to Sensi olitot lest gvieneqxs 

The Mississippi was docked, pate? 1018) ‘the ’statboard in- 
‘board: propeller: and stern -eabeishafts remidved) ‘tested in’ the 
shop; and foritid trie ‘within 010. 1A Hite; the usifal "wire, 
‘was ‘ceriteted ‘iti the the inboard’ ‘and oUitboate 'stéth tube beatings 
atid -edrridd: throdgh' the Strdt! The strut!: td bE Bo 
far out of line that it was:decided to! retheck? ‘usitig thé a tical 
method recently developed ‘at this’! Yard ‘(dederibed ter). 
‘Measdrerients taken cheékéd Very Closely’ with: the ‘dtdihaty 
line, the measurements ‘Showihg' the’ center Gf the bore l6f the 
struct 7/16” low and 3/16” outboard, in the docked condition, 
with respect to the centers of the. stern-tube bearings. 

The port inboard propeller and stern-tube shafts were then 
removed, and alignment checked as in the.case of the starboard 
inboard shafting, the center of the strut in this case being 
down 9/32” and outboard 1/8”. 

It was thought that this condition might be caused by dock- ' 
ing, as the ship had been on the blocks for several days with- 
out the overhang of the stern being supported from the dock 
floor. At this time, other urgent docking work required that 
the Mississippi be undocked, and, during the undocking, the 
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PLATES 5 AND 6. 
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opportiinity was’ taken to determine whether of notthe'stern 
would rise’ or+ fall: relative ‘to ‘the ‘structure’ asa whole when 
the vessel was: water borne. 2 The result of this! investigation 
indicated an actual’ sagging -of® the ‘stern ‘when! the vessel 
‘floated: © Measurements! of this ‘deflection’ werertaken With‘ a 
sufveyor’s“lével motinted‘on''deck' close tothe after turret, 
‘readings’ — pense? ‘before the dock: wae floated and with the 
vessel ‘afloat. © bytes) gogustish tf. begeulg Sw 
| Pwo facts were ertaaldeindiades : it} as docked;'the struts 

for Nos: 2 and 3 sha fts‘wereconsiderably outof line!with ref- 
‘ererice to the stern4tube bearings ; secondly; there were indied- 
‘tions of sagging Gf the! Stet? télative to ‘the> hull: as it! had 
rested on ‘the blocks! when the vessel was floated!o'Ttowas ‘thus 
necessary to determine thié/alignment' 6? the strut with ‘respect 
tothe stern-tube | bearings! with the! vessel “afloat; ‘and’ the 
method of determining this is desdtibed ag follows 101s 7? 


isi In general; the scheme was to-—project'd bean Of tight ‘from 
‘al target ideated in ‘the! serut ‘through: the’ sterti-tube toa sur- 


veyor's' transit located in the shaft alley)! a°6” ‘watertight fibe 
(see Plates Nos?-1°and??) being fitted between the forward 
‘face ofthe strut hub’ arid the outboard steth-tiibe bearing; the 
after face of the strat hab: beihg blanked off.:"'Spidéty ‘catry- 
ing’ perfotated:-‘ceriters‘were located ‘at the ‘exatt center of bore 
of both inboard and outboard sterh-tube béarings:! Ther by 
locating @ transit so- that ithe ‘crossshaits were iti Tine with the 
cetiters df the stern-tube | bearings}°a ‘line ‘of “sight was estab- 
lished which, when projected on to the 'tatget'in® the: Strat, 
showed: ditectly: the deflection’ of the center’ of the ‘strat! with 
reference ‘tothe *steth-tube bearitigs:'%¢ “° ot .durl tute orld 
Plates diand'2 ‘show’ the! watertight tube frotii stfut'fo stern 
tube and the method of seeuring; diso the flexible flatiged joint 
to take-up any vhanges in the:hull structure? ‘allow for expan 
sion and ‘ahydeflettion that might be dud'ta-bitoyaricy Gf the 
tube, As aiprecaution'in case’the tube should tatty’ away? the 
inboard end of the stern tube was also‘ blanked Wff! ‘a hole bemg 
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left. to. lead.the electric-light wires through; to. the target,.and 
a.three-inch hole through; which to sight.the transit, the, latter 
hole being tapped and a pipe, plug, and also.a.wooden plug, kept 
" close at hand for use) in emergency, After the tube|had been 
rigged and, before the: dock) was! flooded, .air,pressure was;put 
on the stern tube, connecting tube and; struts to,test for leaks 
and several: holes were found im the hub, of, the, strut, which 
were plugged. The target (Piece T, Plates 3 and: 4),.was 
secured in the strut: before ithe connecting tube was, secured in 
place., . The: target consists, ofa. 3-inck diameter brass’ tube 
12 inches long, mounted.on a piece of brass plate,.and carrying 
on’ the inside‘of.it two electric, lights (carbon)... A 22-inch. 
square section.is cut out of this -tabe, and-the target proper is 
fastened over the opening... The target,consists of a frame- 
work of brass, with, 1/32 inch ‘holes drilled on, 1/16-ineh;cen- 
ters around the,sides of the.frame! and; waxed.'linen thread 
_ daced through these holes as shown,on Plate 3.'; The:particular 
system of,coOrdinates; used isto facilitate the, reading,-of-the 
exact ipoint .where ,.the,/cross-hairs: of the, transit .strike, the 
target. The, center.of, the target, the intersection-of the two 
diagonal threads, -was located, at the center of the bore of, the 
strut hub:,| Phe electric, light Jeads! ran, through ‘the, tribe and 
stern tube,.,, The: centering spiders (Pieces |$, Plates:3 and 4) 
were located. i in, the inboard, and outboard stern-tube bearings 
with their, centers. coincident ,with’ the;(center of bore ofthe 
bearings.,, These two sviders forme: es or estab- 
lishing, the;line of.sight stosiong ytedwe dsidbw bed 

. After locating, ths apis | in, , the ete tube 0 led in 
the strut hub, the expansion tube and blanks ‘were bolted in 
place, the air test, for tightness,made,/and the ‘ship-floated|: 
_ The.transit ;was adjusted. approximately at.any. convenient 
time. after the stern-tube; spiders,/wete installed: and secured, 
and: checked after the vessel;was afloat, | A, special base: plate 
(see Piece, B,.Plates,8 and; is was found mens eonventient for 
quickly locating |the transit, ., to brs 
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With the above equipment in place and the light turned on 
the target, it was a simple matter to set the transit in line with 
the centers of the spiders in the stern tube by alternately 
focusing the transit on each center. This established the line 
of sight, and it was then only necessary to focus the transit 
on the target. The point where the cross-hairs of the transit 
intersected the target indicated the true center line of the stern 
tube extended. The amount this point differed from the inter- 
section of the diagonal threads on the target was the amoutt 
the center of the strut hub. was out of line with the center line 
of the stern tube, and:'this dmount could be read directly from 
the:target. In applying thé necessary correction of misalign:- 
mefit, its direction wall be’ ‘determined by the type of ee: 
used, whether inverting or erecting. : 

Plate 4 shows the § Sequence of setting up the various parts, 
and also the necessity, of cutting away the caps of the spiders 
to fo ui focusing through the first pinsi to the Siaeiiee Biter 

from'there to the target:, = | 

e usual’ precautions':for: thanillibig a precision bideertadnt 
must be observed in setting: and foeusing the transit,: but-with / 
reasonable : ‘care ‘and “an. accurate instrument, the maximum 
error should ‘not exceed 1/32 of an inch at 125 feet, with a 
transit magnifying'24 diameters. {= > 

Measurements taken on the Mississippi, the seul ‘ofiat, 
with the apparatus described above, showed that the center of 
the port inboard propeller strut hub was 13/64” outboard and 
3/8” lower than the center line through the stern-tube bear- 
ings; and that the center of the inboard starboard propeller 
hub was 3/16” outboard and 3/8” low. ~ 

Readings of this misalignment were taken both with the ship 
on the blocks before flooding and immediately after flooding, 
and it was observed that the sagging of the stern upon floata- 
tion of the ship was not more than 1/16 of an inch. Plate .7 
shows blue prints of the targets in these instances, the dotted. 
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line indicating ‘the: location: ‘of ‘the ‘transit cross-hairs on’ the 
target: with the ship afloat: | 

The errors noted ‘were corrected: by reboring struts anil fit- 
ting new strut-bearing: bushings... 

In conclusion, it is stated that:this method of optical align- 
ment has been successfully used at this Yard for establishing 
the shaft lines on vessels under construction. If the codrdi- 
nates of any two points along the shaft line are given—for 
instance, a point on a bulkhead and the location of the center 
of the stern-tube bearings—the location of all the other bear- 
ings along the shaft line can be determined, it being only neces- — 
sary to set up the transit in line with the two given points, 
and, without changing the setting of the transit, focus it on 
any other point in line and set the centers of the spiders 
coincident with the cross-hairs of the transit. The center of 
the spiders then form a locating center from which to lay off 
points preliminary to boring. 

Instead of using the target which is described above, when 
establishing a shaft center line, a special target (see Plate 5) 
or light-cross is used. As will be seen from Plates 5 and 6, 
this target is a bracket-like device on the back of which is 
mounted a parabolic reflector carrying a low candlepower elec- 
tric light and on the front a cap. Through this cap are cut 
two 1/32” slots forming a cross through which the light from 
the reflector is projected onto the lenses of the transit. This 
target is mounted on a bulkhead with the center of the light- 
cross as one established point in the center line of the shaft. 
The cross-hairs of the transit may be very accurately located 
in the light-cross and the reflected light from thegtarget (with 
the cap removed) allows of the work being carried on at night 
when the hull is of a uniform temperature and interference by 
other workmen on the ship is eliminated. 

The shaft lines of Destroyer No. 70, Craven, were thus 
located, the time required for both shafts being about three 
hours. The alignment was later found to be very good. 
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The. details and general. arrangement: were perfected -by 
Mr. L. C. Campbell, Junior Inspector. of:Naval Construction, 
to whose interest and initiative the successful development | of 
this method of shaft alignment is largely due: 
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AN IMPROVED METHOD’ OF OPERATING 
EVAPORATORS: 


By M. C. Sruarr,* ascetics 


Marine Engineers. will agree that! the evaporating plant has 
the »unenviable: reputation, of requiring more, attention, and 
causing more:trouble than-any othet.of the: ship’s: auxiliaries. 
The determination of the proper coil pressure, water’ level-and 
other conditions for the production of.a desired capacity forms 
a source of continual speculation. ; Priming; reduction in ica 
pacity and the rapid’ accumulation of) heavy. masses: of scale 
are, the. accompaniments of, the most: careful» operation. 
Recent imptovements in design: of shell \and coil: leave un- 
touched the many problems: and: difficulties of: operation: 

A new method: of operating evaporators,’ devéloped :at>the 
U. .S»:\Naval» Engineering: Experiment: Station;:Annapolis. 
Md.,, shows such remarkable and::positive results,in solving 
the. questions.and lessening, the: difficulties: of operation asto 
warrant its cateful consideration; and, it is believed, its:adop-) 
tion, by Engineer officers who are’ interested in ‘maintaining 
the ship’s fresh-water supply with the least possible effort. 

The essential feature’ of‘ the method is the production of 
fresh water at a constant rate and at any. desired. capacity 
within the limit of capacity of the evaporator, This result, is 
obtained’ “by the application -of a, steam, orifice to the, coils, 
which, by. reason of the law of. constant, flow, of steam, as; 
expressed by Napier’s formula, effects a. constant production, 
of vapor without the need of additional regulating appliances, 
In addition to the constant capacity feature; the. use of the. 
method reduces to a minimum the liability of priming, con- 


——) t i f 


*Mechanical tether, U. S. Naval Baginctring ticpittetid @iatibn: “adnate the 
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siderably lessens the difficulty with scale, and stabilizes and 
simplifies the entire operation. 

Before describing, the method it, will be desirable to review 
the process of evaporation, and, discuss at some length the 
usual method of operation, in order that the-principle of the 
new method and‘the manner in which it remédies some of the 
difficulties and defects of the usual method may be clearly 
understood. 

“The ‘production: of fresh water from: sea water is\'aceom- 
plished by the vaporization of sea water by means ‘of 'the con- 
densation of steam in coils: which are: surrounded: by the sea’ 
water or brine contained in)a shell. ‘The condensed’ steam is 
drained from the coils and ‘the vapor is condensed’ im a ‘sep- 
‘Grate’ distiller condenser, usually. called the ‘distiller: >»: In a 
multiple-effect plant the vapor produced is ‘carried along to 
serve as steam in the: coils of a second evaporator’ or effect: 
As evaporation continues, the water level of'the brine inthe 
shell must: be maintained by the continuous introduction of sea 
water as feed. This increases the amount of salt»in the brine 
and the accumulated salt ‘must be removed, either*by the con- 
tinuous discharge of a-small ‘amount “of brine: (continuous 
blow-down),-or by the periodic:discharge of the entire volume 
of brine: when the ‘salinity: reaches) a certain tinniting’ wale 
(intermittent rye. % 199M 


HEAT TRANSFER COEFFICIENT. |, 


An unavoidable result of the process of evaporation is ‘the 
gradual accumulation of ‘scale on the brine side of the coils. 
This ‘scale greatly affects the ability of the coil to transmit 
heat, and is one of the most troublesome features of evaporator ! 
operation. The ability of the coil to transmit heat i is “‘meas- ; 
uréd ‘by ‘the’ heat’ ‘transfer’ ‘coefficient, “and inasmuch’ as the: 
entire process of evaporation is 80 > closely bound | up in ‘the 


*For a sinslibe discussion of blow-down, see “ Salt Water rs wi had Ww. Le 
De Baufre, A. S..N.. E. Jounnar, Nov., 1916,. page 946; 








IMPROVED “METHOD! OF OPERATING: EVAPORATORS: 65) 
" , 

 transmissiom of sheat through: the! coil::the» heat ‘transfer “co- 

efficient may’be ‘considered :at ‘some’ length’ with profit.» 

‘By: definition, the heat; transfer coefficient is: equal to’ the 
B.t:u/s: transferred: pet hour per square ‘foot of) surface per 
degree temperature a > This:/may:'be ‘expressed: by 
the formula, is shtiw is | 

Hs—ga 
ns mee =e 
in’ which, | 
K i= Heat transfer coefficient | 
W = Steam ‘condensed in ‘coils; pounds per hour. 
H,= Heat» in steam entering coils, B.t:u, per pound: 
qa >= Heat in condensate from coils, B.tax»per pound»), 
S = Evaporating surface, ‘square feet, measured: on the 
outside ofthe coils. 

T. D.= T;-T,, in which, T, is the temperature corresponding 
to the pressure: of the steam in the coils, and: T, is 
the temperature of the:vapor corresponding ito.the 
vapor presstire in the shell. 


The numerical. value of the coefficient. for any. given, set of 
operating conditions may be computed from the equation; 
Physically, the value of the. coefficient, depends upon a number 
of factors, which, in the probable order..of, their importance, 
are condition and amount of. scale accumulated, salinity of 
brine, water level, design of coils, vapor, pressure:.and_ coil 
pressure. In a given evaporator, values of K ranging from 
1,400 to 100 are possible. One.thousand. two hundred is an 
average value, when the coils are clean and, with sea water in 
the shell, and 200 is a probable average value when the scale 
has accumulated on the coils to,a considerable:extent. 

In the practical operation of an evaporator by the. usual 
method’ most important problem is the determination’ of the 
proper. coil, pressure for the production-of a‘ desired: capacity: 
The temperature difference required for the production of any 
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capacity may be determined: at any time from ‘the sheat trans- 
fer coefficient equation if the value| of .K -be kndwn.:; Having 
the temperature difference, thé coil’ pressure corresponding ito 
the temperature: difference: is easily! determined. Figure; t 
shows the relation betweeti coil pressure and’ capacity fora 
single-effect plant, with atmospheric shell pressure and values 
of K 1,200 and 400. The curve for K = 1,200 will apply 
approximately when the ‘coils ate clean and scale free. As 
scale forms on the coils the value of K decreases, and at‘a'con- 
stant coil pressure the capacity will decrease as shown by the 
curve of figure 2. This immediately suggests that in order 
to mairitain the capacity as the value of: K decreases! it will be 
necessary to increasé the coil pressure:>’ The relation between 
heat-transfer coefficient and coil) pressure: necessary to” pro- 
duce a given constant capacity is shown by ‘the curve of 
figute 8. °The. procedure’ of: continually’ changing the‘ coil 
pressure'would be:very troublesome and is*seldom used. What 
is usually done is this: A coil pressure is selected which will 
give the capacity desired ‘when the coilsare partially covered 
with scale. This pressure is then maintained on the coils at | 
all’ times by means of * a Teducing” — in “the” stain tie to 
the’coils.* es : iat 
When the doils are” clean ‘the capacity abl i§ cotsid- 
erably above the normal atnount, ‘and in’ most evaporators the 
starting must’ be made ‘very cautiously’ off account of ‘the ‘dan- 
ger of ‘primitig, ‘which is a natural’ result of high capacity. 
In order to minimize the danger of priming it is.a ‘usual prac- 
tice to carry ‘¢ither a lower pressure or a lower brine level at 
starting. On account of the: trouble of changing the refanne, 


*The _gueation pf -proper coil) pressure: is) treated’ Joo incest, ‘Ha ) Cl) Dinger> in - col ff 


article, “ Notes on Evaporating Plants,” A. S. N. E, Journat,, A 1914 849, 
as follows: “ When the coils are cleah a much lower pressure will suifice when 
heavy with scale, As. coils hecome dirty. increased pressure, will have;to be! useil to 
secure the same capacity. It is, however, deemed ‘inadvisable to be ‘continuously 
changing: the reducing-valve pressure.’ It would ‘appeat’ better 'to keep! a ‘certain’ pres- 
sure, which, in the double-effect plants of the Navy, should be about 60 ids, and 
run ‘with this all the time. When the capacity is materially reduced by mail Olesen the 
evaporator should be scaled.” 
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valve setting the water level is usually chosen as the variable, 
and the operation is started with a low water ‘level. 

It!isconsidered by some necessary to carry the water level 
low at all times in order that some exposed surface:will serve 
to superheat the vapor, and therefore produce salt-free. vapor. 
Others consider that submerged coils are an essential\to the 
best results. It. has been demonstrated without a doubt that 
it is highly desirable, for a number of sound reasons, to carry 
the water level high enough to fully submerge the coils, if this 
is at all possible. However, with the usual method of opera- 
tion, it is almost always impossible to start operation with the 
coils submerged and the operating pressure in the.coils, on 
account of the priming which is caused by the high capacity 
produced with clean coils. But, as the operation proceeds at 
constant coil pressure, the capacity falls off due to the decreas- 
ing heat-transfer coefficient caused by the accumulation of 
scale. 

An evaporating plant should be considered as an apparatus 
for the production of fresh water at any desired rate, rather 
than an apparatus upon which certain condition of coil pres- 
sure, water level and salinity must be maintained while allow- 
ing the capacity to be governed by these conditions, as well as 
being at the*mercy of the continually decreasing ‘heat-transfer 
coefficient.. The introduction of the steam orifice for the reg- 
ulation of thé steam flow to the ‘coils satisfies exactly the 
requirements. necessary for the desired constant production 
of vapor. 

An orifice is installed in the steam line to the coils in place 
of the usual reducing valve. Full main-line pressure is car- 
ried on the inlet side of the orifice, and the orifice discharges 
directly to the coils. The steam which flows through the ' 
orifice is condensed in the coils, and only condensed steam is 
allowed to discharge from the coils, the use of a drain pot or 
trap insuring this. The pressure in the coils automatically 
adjusts itself to a value which will produce a temperature 
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“difference: sufficient ‘to‘condense all the! stearh' whichienters:the 
‘coils’ . When! the coils°dre cleantijs evident ‘that alimrch 
smaller‘ temperatate difference! is necéssary»to: transmid | the 
constant“amount of ‘heat /iivolved: im the condensation ‘ofthe 
constantamount of steam’ than:when the coils-are covered 
with scale.‘ With: a constant *line:(pressute the! quantity: of 
steatt which flows through the orifice: will be:constantias: long 
as the pressure (absolute) on the:discharge'side of the iorifice 
is equal to or lower than theycritical pressure, which is 0.58 
of the line pressure (absolute). THe ‘amount of flow is deter- 
ins very, closely, byl N apis s formula, 
: uPA Avy 
err 
in which 


via 
PTD I ? 


Wi, steam flow; pounds per, <mciens 
A = area of orifice; square inches. Y 
P = absolute pressure. on entering side, of. ttle pounds 


per square inch. 

Figure 4 shows the relation between, steam. “Aow ‘and, final 
or coil pressure for. an initial line pressure of 150, pounds gage. 
For final pressures up to 81 pounds gage the flow; is constant; 
for final pressures, higher, than this the flow. falls, off at first 
slowly, and then more rapidly, till the final pressure equals the 
initial pressure, when the flow is, of course, zero. For final 
pressures higher than the critical pressure ‘the flow is deter- 
mined. by, a, thermodynamic, formula; which..need. not: be) con- 
sidered here, for we are concerned only. with coil ipneqeapes 
lower than the critical pressure, ee | ee 

The temperature and_ pressure: in: the, coils may be. deter- 
mined by again having recourse to the formula, for heat trans- 
fer CotieM 
W(Hi—ga). 
$xT.,D.° 
. Inthe. orifice method of operation, the, steam: eae Ww, is 
constant.,; The-total heat in the.steam “H,” is constant. . The 


K= 
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heat of the liquid: of the! condensed: steam “‘g,’”” increases.only 
‘slightly with the coil -pressure,, Therefore,:)(H.-qa), which 
is‘ the: heat ' removed. by :eondensation’ in the. coils,, B.t.u.. per 
“S,” is constant, and K,' the coefficient of) heat transmission, 
is variable, depending upon the condition of the coils,as regards 
scale and certain-other conditions of operation | The; tempera- 
ture difference -_ be — fon: as follows: 
9) * 

Since K is the only variable on the right. side’of this sees 
it is evident that for every Value of K there is a corresponding 
value of temperature diffeténce required. The shell pressure 
fixes the shell temperature, and, with the temperatu 2 differ- 
ence known, the coil temperature and ‘coil ‘pressure are easily 
found. The coil pressure will adjust itself to whatever value 
is ‘required to produce a’ teriperature' difference which will be 
necessary to transmit the heat through the’coils. 

The pération Of ‘an evaporator with the orifice would there- 
fore start with a high Value of K anda Very low coil pressure. 
As the’ operation ‘continues’ and ‘the value of ‘K decreases the 
coil pressure Will increase, and at' the saie time the steam flow, 
and therefore the’ ‘capacity, remains Constant. " 


TEST OF. DOUBLE, EFFECT PLANT WITH ORIFICE. 


‘Having | shown’ the’ theoretical ‘action of the’ evaporator 
equipped with a’ steam orifice; the restilts of tests of the method 
will be given before discussing ‘details ‘of’ the’ application’ of 
the’ method. A ‘prelimitiary ‘trial was ‘made tipoti’a ‘singie- 
effect ‘evaporator equipped with an orifice,’ and’ the action was 
exactly as was expected. At the start, when the'coils “were 
clean, the coil pressure'was low, and as the operation continued 
the coil pressure slowly increased and the capacity remained 
constant. | Tt’ was considered' very desirable; however, to'‘con- 
duct the’ principal test tipon’a double-effect plant in view Gf 
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the wide: use ‘of the: doubleseffect plant in. the:Naval- Service 
and its added’ efficiency: A double-effect' plant was.therefore 
arranged ‘for test.’ Each shell:contained about 24 square’ feet 
of evaporating surface in the form of:coils connected between 
manifolds as ‘shown in ‘the photographs, figures? and.9. A 
steam pressure of 250 pounds was available in the main. line. 
The second-efféct vapor discharged to a distiller condenser 
through a vapor feed»heater, and:atmospheric pressure was 
carried’ on ‘the second: effect:shell. . The: vapor feed heater 
heated:the feed for both effects to about’ 195-degfees, and the 
feed for the: first effect was further! heated by! aicoil. drain 
heater. ‘The capacity atiwhich it’ was desired to operate was — 
120. gallons of water per:day per:square foot of total surface, 
which is double the‘present; rating. for Navy evaporators. 
From: the’ éxpected efficiency of the, double-effect ‘plant : this 
would, require about 1,200: pounds of steam: per: hour to’ ‘be 
supplied to the first ‘effect coils.’ From Napier’s formula, 
W= a for 250 pounds steam pressure in the line, the 
orifice: required was computed 'to be 0.335 inch: diameter: A 
brass plate 1/8 inch thick, with a hole’ in the center 0.385: inch 
in ‘diameter, was placed between two: — in the steam! line 
to the'coils’of the first-effect evaporator)’. 0:0» 

The full line pressure of 250 pounds’ was: catried on the line 
leading 'to: theorifice. - Atmospheric! pressure: was: cartied’ on 
the second-effect: shell.’ The water in each: shell ‘was'carried 
at such a height as'to submerge the coils: This level was detet- 
mined by}trial) as: will: be explainedlater.» A water seal was 
kept onthe coil drain by means of traps part of the time, and 
drain pots part of the time: This insured that all-the steam | 
entering the: coils’: was condensed therein beats ey. ‘con- 
densate allowed to discharge’ from the coils. 

The log plot of the results of the'firet sis ‘digiben inthe 
insert; figure.5. | On. this are plotted the: coil:pressures,: tern- 
_ perature: differences; capacities, heat: transfer: ‘coefficients: and 
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“salinities foreach of the:two:effeets.|:Thersalinity on ithe first 
effect: was allowed to increase to 3/32nds:and-was maintained 
at that: value. throughout the test.!: The salinity ofithe:second 
effect: was ‘varied; in order:toobserve thei effect,,of:a.variable 
salinity on ‘the ‘action ‘of the evaporatar;: » The -second-effect 
salinity. was ‘allowed:'to increase to:5/32nds, was then slowly 
decreased to ‘that of Severn River water, which! is less than 
1/82nd, was increased to! 5/32nds.dgain; reduced; to, below 
b/32nd, and inereased: to 3/32nds. ii Throughout the, series of 
26 hours the steam’ flow to the: plant:was constant except for 
a’ slight>falling ‘off:»when' the line pressure: ‘fell; below! 250 
-pounds at the 6th ‘hour. The préssure:in the seconil-effect coil 
started at 20 pounds gage and:increased to! 52 pounds gage at 
the 6th‘hour, when the salinity was-/82nds. .. Upon the tedtsc- 
tion ‘of the ‘salinity ithe préssure ‘fell:aiid followed the salinity 
till.at ‘the! end: ofthe 26th:hour the-pressure was }55 pounds 
when the salinity. was 3/32nds.) The first-effect coil ‘pressure 
started at 36 pounds gage and rose and fell, of necessity fol- 
lowing the second-effect coil pressure (which was. the first- 
effect. shell pressure). 3A first-effect coil pressure of 100 
pounds was reached at.the 7th hour. | It then: decreased slowly 

47 pounds, increased to 150: pounds, decreased to 82: pounds, 
and reached 150 pounds at the 26th hour, -with a salinity of 
3/82nds on both. effects. The temperature differetice for the 
second effect varied, following the second-effect salinity, but 
the temperatire difference for the! first effect: incteased uni- 
formly throughout the series from: 24 degrees at the start to 
65 degrees at the finish. «Throughout all- this. period the 
capacity of both effects was practically constant, such: varia- 
tions as took place being due to variations in heat: losses of the 
blow-down and the coil drain. (It should be noted that the | 
run was not made non-stop. The plant ‘was shut down each 
night and the salt water allowed to remain.in the shell. In 
the morning the operation was resumed, and in,each case the 
conditions: obtained on starting in the morning corresponded 
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to: the ‘Conditions which ‘existed2at>the! clése of the! previous 
‘day's tute) ‘The average-capacities Obtained were:as follows: 


Steart wed |. : Sig, 21) goqu. 21980si6 atlbsaper hr rltobrs 
Vapor’ iprodiiceds 1st effect? Bib. 91984:6¢ (Ibs. pet hr.2 

Vapot “proiiseed, ‘end effects), £0 8961429 Ibs, ailaects b 

Total vapor? i. oi cam ine a — = On tlbsi:pePhs.srz: 
Total vapor ........ 2087 : piled 
— wapora wb, Meng, a 1 ft "als pacing gil on sq. 
vie 2b sieh in9fis-bnoose orlt reiott: bor ft. of surface 6 
otal! waperor ont Fh apneTUnh ayinitg 575bs! berdbeustsiterm 


“The capacity Grad was aliiiost ‘dddble the présént ‘Patizig, 
arid ‘there’ was’ no ‘Variation in ‘capacity’ lwitht? varliitions’ of 
‘Salinity”‘from ‘less’ than’ 1/38nd "td 8/82nds' and ‘vatiatiotis of 
firdtzeffeéct coiP préssute froin 36 "pounds to 180° pourids per 
square "inch: No’ regulation” of toil presstires! Was" required. 
“The “vapor produced Wis ‘Of a’ putty" of tess’ tae) = 
‘chlorine per’ gallon’ at: all’ times. “ can 

‘When the’ coi!’ préssutes Hee NER maximum valued, oper- 
atjon was ceased for’ thé’ ‘remdval Of scale. ' ‘Before removing 
scale, however, the second effect evaporator ‘was’ ‘opetied ‘and 
the: photograph shown i in’ figure’ ? “was taken,’ which ‘shows a 
thin, ‘evel ‘coating Of ‘scale’ off’ the’ coils.’ "THe evaporator was 
imrtiediately eloséd and’ the scale was? ‘Feidved “by a’ stale- 
crackitig process which! cotisisted of sutrounditig the’ coilé With 
cold water and ‘admitting 40 ot 50-pounds steant pressure sud- 
denly into’ the’ coils,’ and’ at ‘the Same ‘time keeping’ the® coils 
cleared of contlehsate “and air “By: watching” ‘the “drain ‘pot. 
Upon’ opetiitig the” ‘evaporator it’ ‘was ‘found that a large part 
of ' the “scale had’ been’ cracked ' front ‘the"‘coils and was' seen 
lying in the bottom of the still. rn gathered Hori rng 
shell are Shown in figuré’ 10: 

The result of the’ removal’ of scale is‘an increase in thé heat 
transfer coefficient, and 'tipon fesuming operation after remov- 
ing “stale the ‘coil pressures’ are “low ® and ‘the’ eyele may be 

repeated. The question aturally arises as to the time: réquired 
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for the pressures: to increase to-such, values as. to. necessitate 
the removal of, scale; and the; influence.of, rate of evaporation 
and other: operating \factors upon this rate of ) increase. of 
pressure, |The temperature difference. in, the. first, effect, in- 
creased -at‘an average rate of 134 degrees per hour... The coil 
pressure and -heat-transfer coefficient may be determined from 
the increase,in temperature difference. 

The-effect. of salinity; on temperature dithicenin. and, heat 
transfer;,as determined from the second-effect data, is given 
on figurer6.:»'The temperature difference is increased about 9 
degrees, per, 32nd .increase..in- salinity, and. e héat-transfer 
coefficient is. correspondingly reduced. At 1/32 salinity the 
value of K is 1,200,,at .3/32nd. it is, 780,and. at 5/82nd it is 
reduced.to 570, These values: apply, for, clean. egils, the results 
having, been, corrected, for the increase in. temperature differ- 
ence, due, to, scale formation, i , When operating) by the constant- 
pressure method these changes in salinity would. haye an. enor- 
mous effect, upon the. capacity, but in. the. orifice method the 
temperatures and pressures..are pootid adjusted, ; to 
maintain, the constant capacity ;regardless of salinity. . 

_ A. second, series of runs was made: at the same, capacity, as 
the first.series, but with,a constant salinity of 3/32nd in both 
effects, using. continuous blow-down.... During this,;ryn.an 
average total capacity. of 108: gallons per day per, square foot 
of coil, surface, was obtained for a period of 30 hours, during 
which time. the first-effect coil pressure, increased: slowly. from 
44.0 pounds per square. inch gage to 160.0:pounds, and, the 
second-effect coil pressure increased. from 20.4 pounds to 75.0 
pounds... The average. rate of inerease in temperature differ- 
ence. for the first effect was 1 degree per hour, and for, the 
second effect was 1.6 degrees per hour... At the end.of this . 
period: the scale on both effects was cracked by suddenly, ad- 
mitting. steam to..the coils..which, were surrounded by. cold 
water... Operation was immediately resumed, after filling the 
shell with brine, of 3/32nd salinity without opening the shell, 


























IMPROVED ‘METHOD OF OPERATING EVAPORATORS, 75 


and the: coil: pressures! were found to have ‘been! reduced: to 
$8.1 ' pounds on the first:effect and :42.2' pounds,on the second 
effect) ‘The Laon then smn ldicrgased! ‘at, the: same 
rate'as previously. 

sahil lebiiod sin eran. shales iene seniice 
installed, in‘ order to determine the action at a lower capacity. 
This’ orifice: was 0.258" inch imdiameter: and discharged 680 
pounds ‘of ‘steam per hour with:250 pounds line pressure; : The 
start was: made with clean>coils which produced: a pressure of 
25 pounds on the first-effect coils and)15:pounds on the second- 
‘effect:\coils. ‘Operation continued) for: a period ‘of : 91) hours 
during: whieh 'the coil: pressure slowly: increased:td 165: pounds 
‘onthe’ fitst ‘effect‘and 55) poundsion: the second: effect. ||: The 
temperaturé : difference! on the first: effect! increased:at.a rate 
of 0:6 degree per: hour and oni the ‘second effectthe increase 
was’0:50degreé per: hour.) In:edch: series it was noticed: that 
the rate of -iricrease:in’: temperature:-difference! was):smaller 
during the latter part of the run when scale had>formed onthe 
coils:and the coil pressures were relatively’ high, than ‘during 
the first part of! the run’ when 'the:coi:pressures: were lower. 
This disproves:a° prevalent idea: that: high: coil: pressure ‘should 
not !be-used on account of —— ee of —— coil 
pressures upon stalé formation): 10 lols on) 

io The capacity: obtained ‘onctayet 64:5. eittinice per idee per 
square) foot ‘of surface, which! is above ithepresent rating‘ of 
evaporators.’ The capacity: was slightly: higher at’ the; start 
than: at ‘the end:of the run ‘on account: of Sep tyme 
due: tor'coil drain losses... bitiys 

' The:scale was) cracked | by the sudden anitasiiinn of! steam 
when the: coils: were ‘surrounded by: ‘cold water: The appeat- 
ance of the-second-effect coils after: cracking »scale:is shown by 
the photograph, figure 8 | It was feared that possibly: the scale 
crackirig:w6uld not tie successful onsaccount-of:the ‘larger ac- 
cumulation of ‘scale:as’ indicated by the:low heat-transfer :co- 
efficient; On the second-effect coilsa:latge portion of:the scale 
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was entirely “removed, and omost»of the scale:.remaining ‘was 

‘in‘avery loose conditiori aridicould be ‘removed with the; finger 
tips: or!iwith) very ‘little'effort,, ‘Some»of- the; scale, though 
loosened, is held in position on account of :the:close; winding 
of the coils: ‘The coibatthe:extreme:right, which s (not wound 
so closely: as the others, shows a: better, remowval:of:scale!'; The 
first-effect' coils | were* also: satisfactorily ‘scaled, asshown’ ih 
figure 9;' Thereiis no:doubt 'thati this method; of: removing: seale 
‘from this typeof coils can! be-developed on:shipboard ,so; that 
the scale’ may be::removed at the end! of- each! period:and the 
operation | continued: withdut) the necessity. (of opening the 
evaporator door, .exceptyat long: interyals)-for !irispéction:: A 
sinall door should: be:provided:in; the lower: part of: the’ shell 
for the purpose of hauling out the scale-owhich ‘falls:offi»: This 
method of ‘removirig scale is, however,;:not an<essential part of 
the method of operating: withoan orifice,’ for;the: scale: may: be 
removed ‘by hand; if desired, when it has-reached' a condition 
which idemanids it. » 

The ‘orifice » method: of: wemtinni i a /convenient 
method of investigating the:leffect of water! level, and-also of 
determining the proper level: at which to operate. It must be 
recognized that the level in: the glass: does: not represent ‘the 
brine level in the shell on account ofthe boilingyand foaming 
of the brine in the shell, the/level inthe ‘shell being always 
considerably -higher ‘than the level! as indicated by. the glass. 
In faet, the level in: the, shell has probably a very indefinite 
value, varying considerably with vapor pressure, feed tempera- 
ture, salinity and capacity. However, the level: in the’ glass 
may be used as an indication of the conditions in the ‘shell. 
A series.of runs was made with a constant salinity of 8/32nds 
in which the water level was varied from 24 inches to 8 inches . 
in the glass, measured above the center of the lower manifold. 
A run was made for-onechour at each level, by:2-inch incre- 
ments, and the results :are plotted in figure 12. As the level 
was decreased, the coil pressure, and therefore'the temperature . 
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difference; slowly: increased, till; ailevelsof 012 )inchesiwas 
reached,:when the pressure !went! up much more rapidly. “The 
higher temperature differences indicateithat-a part of:the sur- 
face is exposed, because the amount: of heat trarismitted is the 

same’ at ‘all deygls. ‘In addition to’ the :higher--coil pressures 
~ required; there is another very)decided objection to:a low water 
level.: That is the deposit of a large amount: of) scale on’ the 
upper: part of the ‘coils, .: Figure! 11 shows) the appearance of 
the coils after operating only’ 8 hours) at a level of 8! inches. 
The. scale isso heavy as to fill)in the! spaces between ‘the con- 
volutions 'of: the coils: Contrasting this with figure 7,) which 
shows the:nature of the scaleoformed with a:high water level, 
the advantage: of high watersleveb is clearly seen: ‘The ex- 
cessive: formation of scale at low water: levels is: easily:ac- 
counted: for. When the level is low’ the boiling causes a large 
amount of brine to be splashed. up against the exposed portion 
of the ‘coils; and as :the brine hits the hot coils: the water: is 
evaporated and: all: the salt which was in the water is deposited 
on the coils, leaving a heavy scale. _When ‘the water level is 
carried high enough to keep the coils’ surrounded: with water 
a large proportion of the salt; stays in solution —_ is blown out 
of the shell with the blow-down. 

If,,after starting with a low level, the level is saiees, the 
excessive’ scale formed on the upper parts of the coils reduces. 
the heat-transfer coefficient to such an extent that: either the 
desired capacity cannot be obtained or the coil pressure must 
be increased: With the usual method of operation) with con- 
stant coil pressure, on starting with clean coils ‘it is generally 
necessary to start with a low level in order.to prevent priming 
which would result from the high capacity produced at a high 
level. A heavy scale rapidly forms over a large portion of the 
coils, thereby preventing the proper transmission of heat, even 
should the ‘water level be later raised. One fundamental ad- 
vantage of ‘the orifice method may be seen in the ability to 
oe, a _— water level at all times without the danger of 
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priming, and the consequent production of thin, uniform: scale, 
which may be easily: removed; rather than: the pte of 
heavy scale similar to'that shown in:figure Li) )1y 

The only: objection to a’ high | water level is, ‘the ‘iat as 
carrying over salt’: At-all levels up to:24!incheg the vapor:was 
free of chlorine, and it any properly designed evaporator the — 
level can be: carried so as to: cover the coils: without | priming. 
The high level keepsvalli of the heating: surface in action; :re~ 
duces ‘the amount of ‘scale; tequites lower ‘pressures and .in- 
creases the time of running: without icrackimg:scale.: -Also,.on . 
account. of the larger volume of water in! the shell;the blow- 
down period is incréased if intermittent’ blow-dowm:is used. 
The conclusion is that the level ‘shouldbe carried!:so!as to 
submerge all the surface, if, this is» possible, without making 
chlorine in) the vapor. The’ level, at» which! to operate ‘any 
evaporator equipped’ with :an: orifice «may ‘be quickly’ deter- 
mined. by»a' short series! of rins''similar to! that~ plotted in 
figure 12. -In determining the: proper ‘level! in! any: specific case 
it: will, be:well to’first' try operationswith ;a:level ini the glass 
which is 4:or 5 inches below the top of'the evaporating surface. 
If, chlorine is produced ini the ‘vapor with this: level the ‘level 
must be lowered. The coil pressure should ibe observed: as' the 
level is lowered; and-it should be possible to: establish iaswork- 
ing level at: point which; doesnot: produce a' greatly: increased: 
coil pressure: : In:most evaporators there! wilt be‘a considerable 
range in level: over which the coil:préssure:is nearlycdnstant 
and the vapor is sufficiently free from chlorine/ The working 
level:should be é¢stablished: midway inthis range of levels: : 
COMPARISON oF ‘ORIFICE’ METHOD wit UsuaL, METHOD. 


Figure 13 has been ‘prepared. to, show the. “comparison, bes 
tween the, action of the._.usual constant. soil-pressure,.. method 
and the improved-orifice, method, of operation, fora, single- 
effect plant. . The shell pressure is assumed. to be; atmospheric 
and the line pressure i is 150 ‘pounds, gage... The left-hand ordi-, 
nates are steam flow through orifice or steam used, pounds per 
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hour per square foot of surface, and the right ordinates are 
vapor produced, gallons per day per square foot of surface. 
This ratio of steam to vapor corresponds to 0.86 pound of 
vapor per pound of steam, a fair value for single-effect. opera- 
tion, The solid-line.group:of curves, diverging from the left- 
hand origin, are lines of constant heat-transfer coefficient and 
show the relation between coil pressure and capacity for 
various values.of ;K. ‘These curves were computed from the 
heat-transfer coefficient. formula. The dotted lines, which 
extend horizontally till a coil pressure of 81 pounds is reached, 
and then converge at the right-hand origin, represent steam 
flow through.three orifices and.also the capacity..correspond- 
ing to these steam flows. The horizontal section of the steam- 
flow curves are computed from Napier’s equation, and the 
curved portion, from the critical pressure of 81 pounds to 150 
. pounds, is computed from a thermodynamic formula.. Orifice 
B is of such size as to discharge sufficient steam to produce a 
capacity of 60 gallons per day per square foot of surface. 
Orifice A is of such size as to produce.a capacity of 120 gal- 
lons per day per square foot of surface. Orifice A and B 
arranged in parallel will produce 180 gallons per day per 
square foot of surface. For convenience orifice A is assumed 
to produce 100 per cent rating, though this is double the pres- 
ent Navy rating.” Orifice B alone produces 50 per cent rating, 
and orifices A and B combined produce 150 per cent rating. 

It must be clearly recognized that every condition of coil as 
regards scale produces a definite heat-transfer. coefficient at 
which the evaporator must operate. With the constant-coil 
pressure method of operating, if the attempt is made to start 
with clean coils and a coil pressure of 50-pounds gage, the 
operation will be at the point A; on the curve K 1,200, 
where the capacity would be 264 gallons per day per square 
foot of surface. With most evaporators violent priming would 
occur at this capacity, and in order to produce ure water the 
water level in the shell would-usually be loweted till the ef- 
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fective heat-transfer coefficient. was, low..enough . (due, to ‘the 
reduction :in.surface) to; produce a safe. capacity,; Operation 
at this low’ level soon produces an enormous quantity .of scale 
over, the. exposed :portion. of ithe coils... The, operation,.then 
continues down, a) vertical line ,at constant pressure and, de- 
creasing capacity aS the heat-transfer-coefficient decreases to 
some. point, such’ as‘ B, ‘which. is for; the: value, of K==200, 
Some operators start the operation atia lower.pressure,, say 
20 pounds, in which case the cdils may) be.submerged and. the 
start would, be made at C, within ;the, safe! capacity.of the 
evaporator. The operation’ then proceeds.down a vertical line 
to some, point. D, when the pressure may be increased. to say 
66 pounds. .'The operation would continue at E,.at the same 
value of K..as existed: for the lower pressure, and ‘from. E the 
capacity would again/decrease as the operation: proceeded at 
constant pressure and. decreasing -heat-transfer. coefficient. 
With. an orifice. installed, operation always. starts. at the 
intersection.of the steam-flow curve. for the orifice;,and the 
heat-transfer coefficient curve of the coils. For example, with 
orifice A installed, and, with clean, coils, operation, would start 
at the point R, and the. coil pressure: would. be 15 pounds. 
Operation will then proceed in a horizontal line at a constant 
capacity, instead of in(a vertical line! at) constant. pressure. 
As the value, of K decreases the capacity remains constant:and 
the coil pressure, increases, instead of thecapacity. falling: off, 
as in the present. method..With orifice A. installed, | the 
evaporator will operate at its rated capacity till. a coil pressure 
of 81 pounds is reached;at the point L, where the value of K 
is 400. At this point there is a choice of several things which 
may be done.’ ' The coils may be scaled and the operation re- 
sumed. with clean.coils, . (This, isthe point at which. the coils 
are scaled in ordinary operation.) Or, the operation) may -con- 
tinue. down along the steam-flow. curve, at) increasing coil 
pressures and.only slightly decreasing capacities, to some point 
such as.S, where the) coil pressure. -is;110,,pounds,.K is,,300, 


6 
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' ahd the eapacity is reduced ‘only’10 ‘per cent’ below the rated 
capacity. If’ there is’ no objection’ for structtiral’ reasons’ to 
catrying full-lite pressure in the coils‘ and steam header; the 
by-pass'valve'may be opened wide; allowing the evaporator to 
operate’ with “full-litte pressure of ‘250° pounds’on the coils. 
This will causé the operation to titove up thie line of K == 300, 
bringing the operation’ to the point T, ‘at which the capacity 
is only'10 ‘fier ‘cent above the rated capacity and where the 
operation will therefore be safe and without danger of prim- 
ing. ‘From*T;the ‘capacity will fall at constant’ coil pressure 
as thé scale further accumulates.” ‘If the’ coil pressure niay' not 
be increased’ above 81 poutids; and ‘itis: desired’ to! continue 
ritining ‘when this presstire is reached, 'orifice’A may be closed 
and orifice 'B opened.< ‘This will mean dropping back along the 
line’of°K =='400 to the point M, ‘where ‘the coil pressure is only 
27 ‘pourds, ‘arid 50°per ‘cent: capacity is obtained. Operation 
may ‘now ‘continue at 50 per cent capacity along the'line M N 
till thevalue of Kis: canted to 200 at “ - eo ge of 81 
—* i 

‘When itis desired t to force the sveipdinncd orifices A and B 
maybe operated! in ‘parallel at the start. ‘This will result in 
starting at the point ‘Gswith 150 per°cent ‘of ‘ratitig and eon- 
tinuing to ' the: point! Howhere’ K'== 600, Fromthis point the 
operation ‘may ibe either continued along’ the steam-flow curve 
at increasing’ coil pressures ‘and’ slightly decreasing capacities, 
or! the°operation maybe ‘immediately resumed’ at ‘the ‘rated 
capacity by: closing ' off}orificeB, ‘atid> dropping’ — to! sing 
point Je wats pepsin at rated mene = 





rye 


"ARRANGEMENT or ORIFICE INSTALLATION, oe adie 


Dhe' iprdpiclaed arrangement ofthe steain’ piping to the first- 
effect coils for ‘orifice operation is shown! by’ ithe sketch; figure 
14, ‘Thethree-branch donstruction of standard fittings is’ sub- 
stituted forthe redticing valve at the coil entratice ‘Phe upper 
branch contains thé ‘orifice plate“ A” for’ ustial operation’ ‘at 
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100 per cent capacity. The center branch contains the orifice 
plate “B” for operation at 50 per cent capacity, or at 150 per 
cent when used in parallet with A. The lower branch contains 
the by-pass valve C,-with no orifice plate at the flanges. The 
gages shown before and after the orifices are‘necessary. Gage 
D shows if the fuljgline pressure is available, and the reading 
of this gage is an indication of the exact amount of steam 
flowing to the coils. ‘Gage E; shows the pressure in the coils, 
and the reading of this gage is an indication of the conditions — 
in the shell as regards salinity, scalé; etc. The relief valve is 
necessary, as usual, to guard-against excessive pressures from 
‘any cause. The orifice plates are prepared-by drilling a hole 
of the reqfired diameter in a brass or Monel-metal plate. The 
inlet edge of the orifice may be slightly. rounded. 


SUMMARIZED DISCUSSION OF SALIENT POINTS OF ORIFICE 
METHOD. 


The entire subject may be summarized and any ‘doubtful 


points concerning the improved-orifice method cleared up by a 
discussion of the following questions which naturally arise in 
connection with the installation _ operation of the orifice 
method : 

(a) What is the principle.of the orifice method and how 
does it differ from the present method? 

(b) How is the proper size of orifice for a given installation 
determined ? 

(c) What coil pressure should be expected upon starting 
operation with clean coils? 

(d) What causes the coil pressure to increase, ail how are 
the coil pressures decreased? 

(e) At what rate do the temperature differences and - 
pressures increase? | 

(f) What maximum coil presstre shall be: carried, and 
when shall the operation be stopped for the removal of. scale? 

(g) What method shall be used in removing ‘scale so that 
the operation may be continued without opening up the shell? 
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(h) ‘What ‘vapor presstire shall be’ carried ‘on the ‘lowest- 
effect shell?’ 

(i) Shall intermittent ‘or continuous’ blow-down be used, 
and what maximum'salinity shall be carried in the shell? 

(7) How ‘shall the ‘proper water level be re — 
maintained ? 

(he) How shall the feed be heated; and what is the effect of 
feed’ temperature on capacity and  éfficientcy? 

(1) What is the best method of removing condensate from 
the coils to insure that no steam is wasted and’ that the coils 
are properly cleared of condensate and air? 

(m) What is the application of the orifice method to multi- 
ple-effect plants, operating on’a condenser and with a vacuum? 

(n) What is the application of the method to evaporators 
using auxiliary exhaust? 

(0) What are the principle advantages of the orifice method 
of evaporator operation? 

(a) Principle of orifice method.—The manner ‘in which the 
orifice method produces a constant capacity ‘may’ be ‘explained 
briefly as follows. The orifice at the coil entrance produces a 
constant flow of steam into the coils.’ The water‘seal or trap 
at the coil exit insures that’ only condensed steam: leaves the 
coils. The pressure in the’ coils automatically adjusts itself 
to the value required to produce’ a temperature’ difference 
which will force through the coil all the heat required for the 
condensation of the steam. With no'scale on the coils the‘coil 
pressure will be low, and’ as scale forms the pressure’ will 
increase!’ This increase in’ coil pressure, however,’ does not 
reduce the steam flow through the<orifice until the’ coil’ pres- © 
sure (absolute) is increased to above'0.58 of the line pressure 
(absolute). In the usual method of operation the coil pressure 
is held’ constant and ' the capacity decreases as’ scale forms; “In 
the orifice method the‘capacity'is maintained éonstant and the 
coil pressure increases as scale forms)! 10% oro io jour 

£(b) Size of orifice required—The size of the orifice ‘re- 
quired i is determined from the capacity desired and the pressure 
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of stedm available... The, capacity,maybe.taken as;the maxi- 
mum capacity which the evaporator will produce.,,without 
priming, or it may be ;based upon. a certain capacity desired 
per square foot, of, surface. |The steam..required..is computed 
from the: known steam, economy of the. plant; pounds of steam 
required per pound of vapor produced, or from the, expected 
economy, considering numberof) effects,); feed. temperature, 
blow-down losses, ete: For single-effect., plants, the ‘steam 
economy. will, vary, from, 1,20) to!;1,35,-pounds. of, steam) per 
pound. of ;wapor, and for, double;effect plants, the, steam, econ, 
omy will vary from; 0.60,to, 0.75) pound, of,,steam per pound 
of) vapor.|,.]f.available,.the high-pressure, steam, line should 
be :used., ‘The. sizeof, orifice.for, producing, 100, per ,cent, ca- 
pacity. is; then; computed, from Napier’s, formula,,..; // 
PA 


in ihdchi 5 

| Wis steam. required; |pounds) per: ein . 

, P= steam presstte, pounds - can ney absolute; be: 

 foreserifice.. 5.) : Ha 

vidas of.orifice, square peg inte to-wol 

It-is, recommended, that .an,additional orifice of 50 pes oie 
capacity. be installed;.and that the.two, orifices,-and a) by-pass 
forthe purpose of, cracking scale, be installed in, parallel as 
shown’ in-the sketch, figure 14,.,.No reducing: valve: is required, 
because .in the orifice method,’ the coil pressures, /are,.auto- 
matically: regulated. ;,, The.gages: are necessary, for the intelli; 
gent observation of the performance. . The gage iat the orifice 
entrante, measures the;steam flow, andthe gage at) the, coil 
entrance indicates the conditions in the shell ias.regards scale, 
ete;-» The relief valve:is sequired, as: usual, which should {be set 
for the highest: allowable, working, pressure:.of the coils.‘ If 
the orifice installed, does not produce the capacity. desired, .on 
account of some condition;which.was unknown, when: com; 
puting the size of the orifice, the diameter of the orifice may 


, ; 
yy 


) TO 
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be easilyinereased by, reaming till the, desired capacity is ob- 
tained. ; The: oni af the, plate used aba be, about,1/8 
ox 3/26 inch. -, ‘ 

IC) ql mitiall, call sett ed ks pressute apa should 
be; expected, upon. starting with clean, coils maybe determined 
froma: consideration, of, the, hah ania eooFicient, formula, : 


met =e 4.9% ssiietains y Des = 


value of the wc bah emai KE is $ Also Pereeeeien 
1 ,000 for clean coils and 3 3 /82nds. salinity. "Substituting, ° 


“WX,r;000 W ih, WHORE BO 
HipsoD een D. SASK F009, = me a ‘sees * > ot) as 
The ‘temperature difference ‘to’ be enont om<starting?! byeith 
clean’ ¢oils'is ‘therefore approximately equal to ' the! pounds of 
steam "pet haut per’ square foot! of surface’ The:coil pressure 
corresponding to the temperature difference is determined 
from? the ‘principle that the pressures‘ in the shell and sherry 
correspond to: the temperatures) bovolls 9c) yan (9) 

(dy Increase in'coil pressure.—The main: feed causing: the 
graduat increase 'in’ coil’pressure isthe gradual accumulation 
of scalé onthe coils)! The coil pressure ‘issalso! mereased ‘by 
increase in vapor: pressure; increase in‘salinity of: brine;' low 
water level; and:air binding in the:coils.°>'When ‘the: coil pres- 
surehas' increased | to ‘its! maximum? value; attention. ‘should 
first'be piveriito’ the drain pot-to see'that the coils are>properly 
drained ‘of air'and condénsate. Then it: must 'be ‘ascertained 
whether ‘the water level: is'at the proper height) | The-salinity 
should’ be'taken) aid if above 3/8%nds it! should be»reduved' by 
blowing down. ‘oI f the coil pressure temains high after giving 
proper: attention to these? points the: scale must: be removed 
front ‘the: coils wit by’ erat or mer pis ige eeotanint? de- 
scribed heremior boo feu! is eH3..uiv7 s...91602 
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(e) Rate of increase in temperatures and pressures:—The 
tests showed an increase of temperature difference of 1 to1% 
degrees per hour at a capacity of 110 gallons per’ day per 
square foot of surface. At a capacity of 64.5 gallons per day 
per square foot of surface the rate of iticrease was 4 degree 
_ per hour, In every run it was noticed that the rate of increase 
was smaller toward the end of the run, when the pressure was 
high, than atthe start. In operating with the orifice method 
a careful log should be kept of the increase in pressure and 
temperature, and every effort should be made to adopt meth- 
ods of operation which will keep this rate of increase. of tem- 
perature difference as small as possible, as the increase in 
temperature determines definitely the length of time a desired 
capacity may be maintained!’ The rate of increase of tem- 
perature difference is influenced by probably many conditions 
of design and operation, and) further, |developments,.in. the 
orifice method. will: be along: lines of obtaining the, smallest 
possible rates of increase of pressures and, temperature dif- 
ferences. | or! 

(f) Maximum coil pressures.—The first-effect. coil, pressure 
(absolute) may be allowed to. increase; to 0:58) of; the.-line 
pressure without amy. decrease in steam flow. .The maximum 
coil pressure is. limited only by the safe working. pressure of 
the coils and. steam manifolds... For these reasons, it) is- ad- 
visable to use the highest line pressure available for the initial 
pressure at the orifice entrance. :, 1f,150. pounds Jine pressure 
is used, the coil pressure inthe highest effect may increase: to 
81 pounds without decrease in steam flow, but with 250 pounds 
line pressure, ‘the coil pressure maybe allowed to increase to 
140 pounds (if this!is a safe working pressure ,of the coils) — 
without decrease in/steam flow. The use of the highest avail- 
able pressure simply. means thatthe operation at. any: given 
capacity may, be continued: to: lower: values of +heat-transfer 
coefficient, and therefore fora longer period ‘without.cracking 
scale. With the usual method, high coil pressures! are‘not 
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advised on dceoutit’ of ‘the danger ‘of priming, ‘but’ with the 
orifice tiethod, where’the capacity is fixed, ‘this’danger does 
not’ €xist, ‘and there! appears’ ‘to’ bei nd objection to allowing 
the operation to continue until the coil pressure has increased 
to the ‘allowable’ working ‘pressure of the coils. In double- 
effect plants the second-effect coil pressure must not be allowed 
to increase above the maximum’ allowable ‘first-effect’ shell 
pressure, = 
From figure 13 it is seen that the heat-transfer coefficient 
which exists when the operation must be stopped ‘on account 
of reaching a maximum pressure depetids upon the capacity at 
which‘ the evaporator is ‘being operated. Assuming a maxi- 
_ mum allowable’ ‘coil pressure ‘of 80 pounds gage; at 150 per 
cent rating the limit of operation occurs when the heat-transfer 
coefficient is 600. ‘At 100 per cent rating; the limit of opera- 
tion is ata value of ‘K == 400 and at’50 per cent of rating 
(60 gallons per day per square foot of surface) the ‘operation 
need ‘not cease till the value of K has’ been reduced to 200. 
Thus, at the lower rates’ of evaporation the operation may’ be 
continued much ‘longer. ’ 
(g) Removal of ‘scale—When ‘the coil’ pressures have in- 
creased to the maxiriiiim permissible values at any desired 
rate of evaporation the scale must be removed from the coils 
either by ‘hand or ‘bya sélf-scaling’ ‘method. ‘The orifice 
method of operation pefmits of the catrying of a high water 
levelj‘and this results in ‘the prodtction of a uniform’ and rela 
tively thin coating of scale over the entire surface of’ the coils. 
It has been repeatedly demonstrated that this:sort of iscale may 
be: effectively ‘removed ‘from ‘coils by the self-scalitig' method 
described ‘herein. )’ The method’ consists ‘of ‘covering ‘the coils 
with:cold: water’and suddenly admitting ‘a steam pressitre of 
50 of 60 pounds om the coils throdgh' a by-pass steam ‘contiec- 
tion. ‘The.coils must be kept thoroughly clear’of'coridensate 
and air during this operation by watching the drain ‘pot 
carefully. This is necessary in order to bring up the tem- 
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perature of, the. metal,of the.coils ag; rapidly, as,pogssible.. ;.As 
soon as:the water inthe shell becomes warm the, steam should 
be turned off the.coils, to. prevent.the evaporation,of the water 
at a high rate and-the carrying over of,salt.., In some, cases it 
may, be necesary;-to, tepeat. the operation, to, effect,a) thorough 
cleaning... The: principle of the method. is. the; difference.\in 
expansion of. the metal,of the, coils,and, the, scale. ,. Although 
this method of cracking scale has been demonstrated: as ef- 
fective.only-on,coils of;the;types shown;in the photographs, it 
may. possibly ,be successfully, — to, other; vies sal (BRADY 
orators witha little development.., iy 

The coil.;pressure obtained said iebeaion. peta a uihie 
cracking scale. is.an indication*of the.thoroughness: with, which | 
the. scale, has been, removed., ;, A; sludge door:|should be, pro- 
vided for, hauling out,the-scale which jiscracked off.; This;door 
is also convenient, forcwashing off the coils athe a vibe and, tos 
inspection of coilsi+))2 16 1503 stamps to ry BHOlhBD 

(A) Shell: Bressuress At! sale itis, eileen coueiaetia 
necessary to-hold apressure,of5 pounds, on the lowest-effect 
" shell to prevent priming. This has probably,béen necessary 
to; reduce the temperature; difference when ‘carrying, a/constant 
coil pressure. ;. When using the, orifice method the:temperature 
differences adjust themselves, and all of; the; tests, made, with 
the orifice method: prove.there.isino reason for icartying higher 
than, atmospheric pressure in the shellpf, the lower. effect. ‘The 
valve; between: the lowestreftect:shell.and the distiller should be - 
opened; wide, ,and, with -atmosphere. pressure, on: the: distiller, 
the shell pressure maybe jslightly. above, the atmosphere.;:/ Ia 
a. twoveffect plant,. the; first-effect, shell; pressure will :in¢rease 
slowly and the,operation must; be: stopped when-a pressure is , 
reached whichis limited by, the highest safe-working pressure 
fixed by,,the, strength of;the,shell...Relief, valves should be 
fitted.:as.,usual,. to — —- | the: maximum safe 
pressure.;, Ht on dosy ae ssn PHA i hee 


~ phe 
Ave Ate! 
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(i), Blow-down.-—With..sea, water, as,.feed, the blow-down 

period may; he a from the; formula, 
ode ages et et 

in which, 

at blow-dowh petiod, hours. 

= pounds of water in the’ shell at ‘the operating level. 
s= salinity at end of blow-down period, poutids of salt 
per 82 pouitids of water (32nds). 
W = vapor produced, pounds per ‘hour. : ge tiie 

A maximum salinity of 3/82nds'i is ubuially” recommended: 
Certainly the bidw-down’ should’ Hévet take place at lower 
salinities than, this, on account of the unavoidable loss of heat 
in the brine’ blown ‘out, In’ ‘the’ orifice method " ‘of operation 
the ‘salinity may, if desited, be ’carried slightly’ ‘higher ‘than 
3/32nds° before’ blowing’ dowii,” for *the following fédson, 
With the orifice | ‘method a high ‘salinity merely increases the 
coil’ presstires, whereas in the Operation ‘with constant coil 
pressiite, ‘the increase in salinity reduces, the’ capacity én ac- 
count! lof! the déctéase’ in ‘hedt-transfer coefficient. Tf the ca- 
pacity and volute of shell are stich ‘a as ‘to require too frequent 
a blow-down, as computed from the above formula, intermit- 
tent | low-down’ cannot be ‘recommended. The blow-down 
should then be continuous, ‘and the: salinity regulated by the 
usé of ‘a salinometer. A’ semi-continuous blow-down consist- 
itig OF plowing down a a certain amount of brine, ‘amounting. to 
5 or 6 iniches i in the glass, at regular intervals, may be used as 
an alterfative. There are “many instances where: evaporators 
are operated’ without ‘the’ use of salinometers, and the ‘salinities 
are allowed, to increase to ‘beyond. the saturation point of ‘the 
brine: with. disastrous effects’ ‘upon scaling ‘ot coils, ‘capacity, 
atid purity’ of vapor. ‘Tt is ‘absolutely. impossible to. obtain 
satisfactory evaporator operation without giving proper atten- 
tion! ‘to this important feature, With the orifice method, on 


“* 
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account of the constant capacity feature, it is possible to com- 
pute accurately the proper blow-down périod. ’ If intermittent 
blow-down is possible, it. is convenient to combine with the 
blow-down a partial scale cracking. After the brine has been 
blown out the shell may be filled to the working level or slightly 
higher with cold water (instead of the heated feed), and a 
steam pressure of 50. pounds put on quickly through the by- 
pass. In a double-effect plant a live steam connection should 
be made to the second-effect coils for this purpose. As soon 
as the water in the shell becomes watm the by-pass should be 
closed, and operation continued with the ‘orifice. It will be 
found that this will produce at least a partial cracking of the 
scale. : 

(f) W ater Level.—in the present constant-coil pressure 
method of operation it is frequently impossible to commence 
the operation with a water level sufficiently high to. cover the 
coils, A low level must be carried to avoid priming, with the 
result that the upper portion of the coils are quickly covered 
with a heavy scale, the capacity is decreased, and the removal 
of scale is made difficult, In the orifice method the proper 
level may be easily determined and carried at all times. In 
most types of evaporators a level 4 or 5 inches in the glass 
below the top of the evaporating surface will cover the surface 
with brine and be safe against priming. A definite rule for 
the water level cannot be given, because the proper level will 
be different in different designs of evaporators and also at 
different capacities and vapor pressures in the same evaporator. 
A large capacity, on account of increased bubbling: and foam- 
ing in, the shell, will possibly require a lower level.in the glass 
than smaller capacities, while a higher vapor pressure will , 
allow a higher level to be carried. The point is that with the 
orifice method a certain proper level for a given capacity may 
be easily determined, and this level will be such as to cover 


the coils, and thereby reduce enormously, the , formation of 
scale. . 


” 





IMPROVED. METHOD OF OPERATING, EVAPORATORS. 93 


(k). Feed, Heating.—In the orifice method the steam, flow, is 
constant, but. the efficiency; and. therefore. the quantity, of 
vapor, produced, depends upon the temperature of the feed. 
Inasmuch as the vapor produced from the last effect. must, be 
condensed, there appears to be.no excuse for not using.apart 
of this vapor in heating the feed to as high a temperature as 
possible, The best arrangement for, heating the feed. is un- 
questionably that recommended. by.. Commander , Dinger,* 
which consists of: “ first allowing the feed to.pass through the 
vapor heater, where it may. be heated .up.to the temperature of 
the vapor, about 210 degrees F., and then to cause: the, feed 
to the first-effect shells to pass through a first-effect.coil,.drain 
heater where it can be heated to the temperature of about/ 270 
degrees F.. In a double-effect, plant, with this arrangement, 
the feed .water can enter the evaporator shells at about 210 
degrees for the second effect and 270 degrees for the first 
effect,..where the initial. pressure in the, H.P. coils is 50 
pounds.”’. It would be very desirable to have the vapor, heater 
arranged in series with the distiller condenser, so that all the 
vapor from. the. second: effect. passes through .the.. heater. 
Adequate heating,of feed saves not only in. reducing the heat 
required for.producing vapor, but reduces enormously. the 
blow-down. losses. : 

(1). Removal of condensate.—Either a trap ora drain: pot 
may be used to remove the condefisate from the coils; In 
either case it:is absolutely essential to have.a water glass which 
records the level of the water seal and which, is in plain. sight 
at all times to insure that. no steam.is blowing through, A 
water glass on the steam manifold or,steam:header of the evap- 
orator is sometimes used, but. this; is; wholly, unsatisfactory. 
The condensate must be drawn off into:a,.separate vessel,’ con- 
sisting of either a trap or drain pot, to.insure.that the'coils! are 
free from condensate. If a drain heater is used it shouldbe 
located beyond. the. drain pot... If.a, heater, should. be.inchided 
as part of the drain pot, live steam would, be drawn; from the 


*“ Marine Feed Water Heating,” A. §. N. E, Journnat Feb., 1914, P. 152, 
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coils 'to ‘heat the feed and therefore! fio: advantage’ ‘would’ be 
gained. ' A’ pressure’ must’ be ‘imaintairied on’ ‘the’ drain ‘heater 
itt Order ' to heat the feed above Q12 degrees.” This ‘pressure 
is niost ‘easily’ obtained by regulating’ the dfain-pot’ watet level 
from’ a- point ‘beyond the Heater!! ‘The aitivent on the’ drain 
pot shouldi be: provided ‘and used.’ Itsis fast !as fiééessaty to 
reinove the air which’! collects ‘in’ the ‘coils’ as a’ ‘result’ of’ the 
condensation of the steain as’ it is’ to’ remove the ‘condensate. 
If the coils become filled with air, oF air bind, the heat cannot 
be transmitted through the’ coils anid excessive coil B acepaey 
will result, ’ 

Tn designing the’ draia ‘pot ‘it’ should be noted that ‘the pitber 
the horizontal-sectional ‘atea of the drain’ pot the edsiet will ‘be 
the coritrol of the level inthe! glass.” A ‘number of draitr pots 
have been séen whose ey action ait been ‘ihe to 
their télatively stnall sectional’ area.'” | 

(mm) Multiple effect application ‘Three or fourteffect’ op 
eration ‘with the lowést effect’ operated at a’ high Vacuutn is’ at 
present ‘very troublesome becatise’ of the ‘diffietilty ‘of prevent 
ing ‘printing inthe lower effects. !° This is” largely’ due td ’the 
followitig? condition! CAt the fowet presstite: the’ teriperature 
difference die'to a sinall pressure ‘difference isi coftipatatively 
large, and it is almost impossible to. know at what pressures to 
operate 'to“prodice a given capacity’ ‘withodtt ‘the? datiger | of 
_ primitigy? Also;‘'a" small thatige tn’ vacuititi ptodices”a 
siderable®! ‘charige’ int temperatiire” difference which’ snehibg 
printing: | At the! high vaeutia“at*which’ thé lower “éffects op: 
érate ithe Specific ‘wolurtie! Of the steam is! Wety? high\' and’ off 
account ‘of the! consequent’ high velodities Of Vapor “at the dis! 
etigaging: ‘surface itis to be! éxpectell’that pritittip “will ‘eckur 
at relatively 1ow capacities; unless’ the disengaging ‘surface and 
baffling “have! been’ aR Gaity: idebighet? a the ‘high: vail 
erichininye Hi beeu. 4 todas 

> Having established the! maximutn! epabig/ hh the Tower 
effects thay “produce without’ primitig, ‘the Orifice Which ' Sup? 


“ gnitssH 
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plies ‘stedin 'to' the first~effect ‘coil may be designed for a steam 
flow’ which will'producé this capacity?’ The’ air tiust be 're- 
moved frott 'thé ‘coils which are! under a 'vacuum by leading a 
small connedtion from ‘the! wed of the drain wel or ‘stp to the 
condenser. /bovormar yles 

(n) Application to’ 6peration' with exniusd? sibs —The 
orifice ‘method may ‘also ‘be applied to'advantage to ‘the opera~- 
tiont of” evaporators with’ aixiliary’ ‘exhaust. “The flow of 
stean’ throtugh ‘an’ Ofifide ‘dpetated on? exliaust steam at a 
pressure of 15 pounds page will bé’constant in ammount as long 
as the ipressure on ‘the discharge side’is 2:5 pounds ‘gage’ or 
léss.’ With this’ for’ the: maximum Soil pressure} the shell will 
need’ to be opéfatied undér a ‘vacutim. > With a vactium of say 
26 inches, a températiire difference 6f'100 degrees is available. 
With’ deat’ coils’ this’ témperatiire’ difference 48! ‘not tequired, 
arid “in “sitigle’ effect’ Operation ‘would catise ‘sériots priming 
when Operating by the’usial itethod:>" With an orifice installed, 
the ‘capacity Will ‘rertiain’ Constant’ regardless “of vacuum or 
temperature difference until the coil pressute°feaches 2.5 
poutids ‘gage? “The operation ‘teed’ ‘not ‘be ‘stopped here} but 
can be éotitintied ‘anitif ‘the Coif pressure Has inéreased to 3 or 
4 pounds gage with only a slight decrease in capacity. At this 
point thé’ bypass’ nidy be operied and’ the"operation continued 
With the ful exhaust pressute of 15 ‘pounds on the’ céils ‘with! 
out ‘prodicing exces¢ ‘capacity with" the. Corigequent! datigets of 
pritting:’ THe‘ value of the method is that’ pon starfirig’ with 
clean ‘coil’'a vacuuth may bé cattied off the shelfatid the proper 
water level may be carried without danger® OF the! ‘priming 
which would othefWise result.’ Th! faet, ‘all ‘the ‘inbietent ad. 
Yer arf thie “Orifice ‘method ‘are realized.” AA Ms 

(0) Advantages of méthod+4The ee of te orifice 
method ‘tnaly be sitinmarized 48 follow82 "0" * 

-(a) Any predetermined capacity, within the limit ‘Of cae 


pacity of the evaporator, may be obtained and main- 
tained. 
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(b) -The lability of priming is reduced ;to, a; minimum. 

(c) Higher water levels may be,safely.carried at, all, times 

| without ‘danger, of priming, and, for this reason, .. 

(d) The scale,forms on, the coils,in.a-thin uniform, layer. 
and may be easily removed. 

(e) The best,operating conditions may be easily, determined, 
and, on account of the constant. capacity, may, be 
easily maintained..; At. the same, time, , variations 
from, the desired, operating, conditions, within, wide 
limits, do not affect the capacity. 

(f)..The reducing valye is dispensed with. T. he clancmer 
is operated, directly,.on. the ,line pressure, and no 
pressure regulation is required.. There is no danger 

.. of sudden increases of, coil or, shell, pressures, 

(g).-The, pressure..om the inlet side of: the orifice indicates 
exactly the amount, of steam being, used by the evap- 
orator...The pressure. on the. coils indicates, the con- 
dition of the coils as regards scale and heat-transfer 
coefficient. 

(hy). The system may. be easily applied to, pie existing evap- 
orating plant, single. or multiple effect, high or low 
pressure.. 

It. is. believed..that the adaption of the, orifice pita to 
the operation of evaporators will remove from the evaporating : 
plant, much, of the. mystery, and. uncertainty with. which ; its 
operation is at. present associated, and, will place the evap- 
orators.upon as safe and sound a.basis as have aay. of, the 
ship’s. auxiliaries. 
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and T. W, Kinkaid and:to.Mr, W..1,.DeBaufre for encourage- 
ment and suggestions, and to.Mr, Leslie E. Sebald. for-valuable — 


assistance in the conduct, of tests and, the preparation of this 
article. 
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“Lubrication” and “ Lubricants” may be defined as follows: 

Good lubricants are substances, semi-fluid or fluid, capable 
of forming and maintaining films of sufficient thickness be- 
tween two rubbing surfaces to prevent actual friction between 
the surfaces, substituting for it the fluid friction of the lubri- 
cant itself. ‘ 

Lubricants in marine practice may be classed as mineral 
oils, animal oils, vegetable oils and greases. 

Mineral oils are manufactured from crude petroleum and ‘ 
shale. The’ petroleum lubricating oils used in the United 
States are made from crude oils. which may be classed in the 
following manner according to their natural characteristics: 

Paraffine Oils—Composed chiefly of hydro-carbons of the 
paraffine series and found chiefly in Pennsylvania, West Vir- 
ginia and Eastern Ohio. 

Asphaltic Oils—Composed of hydro-carbons of the napthene 
series, found principally in California, Texas, Louisiana, and 
the Mid-Continent Oils produced in Kansas, Oklahome and 
Tilinois. 

Lubricating oils Bore from the paraffine crudes have high 

-gravities, high flash and fire tests, high congealing points, and 
low viscosities unless blended with steam-cylinder oils. .As- 
phaltic base oils have. low gravities, lower flash and fire tests, 
congeal only at temperatures below zero degrees F., and can 
be made in any desited body without blending, 

Lubrication ¢ can perhaps be best understood by conse 

the case of a spindle revolving at a speed of 10, 000 revolutions 


“Supervising ‘Bagineer, The ‘Texas Company. 


7 , 
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per minute ina bath of oil. The oil film immediately touching 
the surface of the spindle will revolve in the bath at nearly 
the surface speed of the spindle, the oil clinging to,the spindle 
through its power of adhesiveness. The next succeeding films 
or layers of oil revolve at slightly less speed, while the film 
touching the sides of the bath will be as nearly stationary as 
its cohesiveness and the general moyement of the oil will allow. 
The friction of the particles of oil sliding past one, another i is 
referred to as internal or fluid friction. 

If a gradual side pressure is applied to the spindle, forcing 
it towards one side of the bath, some of the oil will be pressed 
out, and when the pressure becomes great ‘enough the metal 
surfaces of the spindle and side of the bath or base will actually 
come together. This will produce heat and wear from metal 
friction. If the pressure is constantly kept at the point where 
the metal surfaces actually come together, an oil having more 
body or viscosity should be used. The heavier-bodied oil will 
resist the pressure and keep the surfaces apart, and the spindle 
will again turn in the center of the bath. As long as the oil 
is heavy enough to keep the metal apart no metal wear takes 
place. Again increasing the side pressure on the spindle will 
force the heavier oil out, and heating will again occur. To 
overcome a steady pressure of this nature a still heavier-bodied 
oil must be used in order to keep the surfaces apart. 

In the above example the frictional heat of the spindle base 
will be slightly increased as the heavier oil is used under 
heavier pressure, but in no case will the heat be as high as that 
resulting from the destructive abrasion of metal on metal due 
to the use of too light an oil. Also, the minimum amount of 
power will be required to operate the spindle with the lightest 
oil in use; and the power required will slightly i increase as the 
heavier oil is used; but, as in the case of temperature, the 
power will at no time be as high as when the surfaces are 
together through too great pressure or too light an oil. This 
case illustrates the effect of pressure upon the oil film and upon 
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the! viscosity’ or body of the oil.) The ‘same rules apply gen- 
erally to all bearing lubrication. | 

Lubricating: oils 'can be divided into: two general classes. 
The first:class,' called engineand machine’ oils,’ °including 
dynamo, ‘turbine; spindle oils, etci, is imtended for’ external 
lubrigation:' The second’ class, steam-cylinder ‘and ‘valve oils, 
is used for the internal lubrication of steam cylinders ‘and 
valves; Motor oils and oils for internal-combustion' engines 
may be considered as a separate class, though ‘they are’ not 
essentially different: from some of the be class ‘turbine, 
engine and:machine oils. 

One. cause of loss of power in'a:steam ‘engine is’ friction. 
Invall engines there are so many moving parts that it is'of' the 
greatest importance that friction should’ be reduced as’much as 
possible. «Thisis done by making the surfaces in contact 
smooth and of:ample size; also making them of different metals 
and the use of suitable lubricants; Most of the marine engines 
in, use at the»present time’ are’ vertical multiple-cylinder' ma- 
chines built: without /fly-wheels ‘or governors. Up wntil about 
twenty! years ago the moving parts of marine engines’ were 
lubricated:with» various kinds of animal! oils, ‘principally lard 
oil.. ‘Of fate*years, or since the introduction of ‘nfineral oils, 
animal oils-have been almost completely ‘eliminated dué'to'the 
fact there has been’ a vast improvement’ itt mineral’ oils ‘and 
also that lubrication’ is today done on ‘a: more ‘efficient’ basis: 
In most all recipr8eating engines the‘ oil is reclaimed; filtered 
arid used:over again; which! was impossible to gees meh to 
any great extent!with animal:oils. 

Engine and machine oils should ‘meet ‘the’ oe — 
ments ; 

(1) The: oih should be: of sufficient’ viscosity’ of body’ 'to 
keep the bearing surfaces apart at ‘working temperattires: 

(2): Jt-should possess such qualities'as will! edieee frictional 
losses to a minimum. 

(3); It4should remain fluid at ‘such low temperatures as ‘will 
be met under ordinary service conditions. 
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(4)\1t should meet sétvicei requirements as to: durability, 
separation from water, etc. 

(5)> The flash point: should: be sufficiently above’ the: work- 
ing temperature:to allaw a reasonable margin of safety. » 

(6). It:should have no tendency to decompose or to:form 
deposits. which -will gum up the machine and increase the 
friction. 

(7)..It should: contain no ‘ctputibide which will corrode or 
“pit the bearing’ metal. 

In general, but more especially with high and ihellitesiage 
machines, the best practical guide as to) the: suitability ofa 
lubricating oil is the amount: of frictional heat produced with 
that oil in use. Frictional heat indicates. wasted power, and. 
in the case of a bearing; is' determined bythe difference: be- 
tween the temperature of-the bearing in operation and: the 
temperature of the.room:in which the machine is running. 
In general,-one of the indications of an ifprovement in lubri- 
cation is the reduction of the amount of frictional heat. How- 
ever, there are so. many other factors which’ enter into the 
determination of the ultimate value: ofa lubricant that: the 
amount of frictional heat as indicated by the bearing tempera- 
ture is not”in itself conclusive proof of the enemy of one 
lubricant over another, 

However, the; military: safetyof a battleship: is of greater 
importance than a slight: reduction in the temperature of a tur- 
bine. bearing. A hot. bearing or a burnt-out »bedring ‘at (a 
critical moment, might mean the loss of the ship, whereas the 
undue heating could have been’ prevented by the use of an‘oil 
of, sufficiently ‘high, -viscosity.: In the case’ of Diesel engine 
lubrication, due to the fact that the unused cylinder oil drains 
out and mixes with. the, oil\in-the general lubricating system, 
it is desirable to. use one. oil sufficiently: heavy for use in the. 
cylinders, though this. oil might cause vichaenvene internal fric- 

_ tion in the bearings. 
Motor oils.and.oils for internal-combustion engines are eaegte 





LUBRICATION ‘AND LUBRICANTS: tot 


jected: to’ extraordinary) conditions: Their requirements are 
therefore somewhat different from — antec oils; and 
may be-classed as ‘follows: %' 0! 2° w enoitibaos of] 

(4):) The 'visedsity should» be suck that the film‘ of» oil; - 
be! sufficient: to keep the-metal surfacessapart, .<!1sq [sinio!: 

(2): The: oib should possess ‘such characteristics as will peére 
mit, it: to, form ia seal: between the: piston ‘rings and! cylinder 
walls:so as:tol Secure ‘a »high degree sof: compressiom!>: 90!) 

(3): It should! becof suchi a:natureias to be-converted into 
vapor: without) decomposition; 'eveti under ' extreme ‘heat, | so 
that the! oil which gets!into !the combustion chamber: will pass) 
off with:the;exhaust»as _Napor Scrat spuadviial an wkcessive 
carbon deposit.» neas} oddis b 

(4) It should: beof sucha nature that whatever carbon is 
deposited iis soft; and easily: removed! |) of 

(5) \The-cold test should be iii pases ‘to meet) al tenn: 
peratute:conditions. 9): 29 y!sy ol! ovo bseige bes 

‘The: proper.vistosity: fomia a motor oid \should -be: detteniined? 
by \the: piston-ning' clearance: and the ‘conditions of ‘the rings) 
and cylinder wallss, A-wide clearance or|worn!' tings; gither of 
which causes poor compression, requires:a high viscosity oil'in’ 
orden tosecure the best results: 1 Ifthe piston’ tings! are(¢losely. 
fitted to thé cylinders a'light-hodied oil should be used: ‘If: too 
light, an oikiis) used itoo much oil -will! get pastthe piston: rings: 
on the stiction istroke; and ‘on! the compression stroke ‘some :of 
the fuel mixture: willcleak past the ‘piston rings! and condense! 
in the: crank: \case;' making ‘the / oth still: thinner. :: Tf! theoitas 
too viscous there wilb besa: loss: of power. Good compression 
depends very largely upon proper‘tubrication);; ©) [0 191/501 

. Mechanical: conditions «involved «im :steam-cylinder | tubrica- 
tion require spécial oils | for that purpose) oIn color eylinder' 
oils;aré' ustially:\dark 'green or ‘black} though the’ filtered oils 
aré light green and bright red. | Steam-cylinder: oils are,’ as\a’ 
rule, very: viscous, somé:of them: scarcely flowing at’ ordinary’ 
temperatures: “Phe: viscosity (of / these: oils? is: taken? at 210: 
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degrees F.;, whereas that of-ordinary lubricating oils is'usually 
taken at 100 degrees F. 

The conditions which are to be met in the: steam spllealte 
are quite: different! from: those occurring inthe lubrication of 
external parts. In:the-caseof steam-cylinder lubrication the 
oil.is broken up or atomized and-used: only once and. is then 
carried off with, the exhaust steam.; ‘The:chief ‘considerations 
in the selection of:a»steam-cylinder:\oil should: be; first, its 
viscosity; and, second, whether or not it should be compounded. 

‘The speed and. type of the engine, the method: of effecting 
the, lubrication, the distance: from ithe steam chest to the point 
where-the lubricant enters the steam line, and the amount of 
moisture in the steam should all be taken into considetation in 
determining, the proper viscosity for a given case: It is néces- 
sary that the oil should be-atomized! or broken up into-minute 
parts before it reaches the valves so:that it»will be carried by 
the steam and spread over the valves and cylinder walls in a 
finely-divided. state. Otherwise, the: oil will: pass out: of the 
exhaust in ‘nearly ‘the: same: condition: in: which: it entered ' the 
steam pipe, without: providing any effective. internal: lubrica- 
tion:,, A light-viscosity. oil :atomizes more readily than:a heavy~ 
viscosity, oil, so that the gteater thé: amount! of moisture in the 
steam (the lower the viscosity of the oil should be. The shorter 
the distance which the-oil! has to travel in the steam ‘pipe,’ the 
less, the opportunity for atomization, and therefore the lower 
the viscosity of the oil should'be. «On the’ other hand, the far- 
theriaway from the steam chest the oil is put into:the steam pipe 
the heavier it can be, as timeiand:distance are required for _ 
heavier oil to properly atomize. - 

In. ordinary ‘cases, where thete is a considerable sandouh! of 
moisture in the steam, the cylinder oil should be compounded 
with a certain amount of animal oil.so that: the oil will more 
readily.,form, ani emulsion. and adhere to’ the cylinder walls. 
On..the, other. hand, a straight mineral cylinder oil should» be 
used where it is desirable to: keep the animal matter out-of the: 
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exhaust steam, as for example: when the stea:n is condensed 
and returned to the uoilens and used for other purposes.):): « 


FIXED OILS AND COMPOUNDED OILS. 


Before the introduction of mineral oils for steam cylinders 
tallow was used exclusively; being melted: in.a tallow. pot. which, 
was kept on ‘top. of: the steam chest: . After. the. tallow. was 
properly melted, it ‘was introduced. into |the cylinder, through a 
tallow, cup, usually fitted, with a valye, and screw. cover, and 
located on ‘top of the steam chest... Lubrication. by. this method 
was crude and very intermittent., -However,| it probably, suited 
the times andthe condition of the.engines,.examples of. which 
can be, seen: and, studied with interest in, some! of: our..great 
museums,|' Sperm. oil was.formerly . used, both mixed, and 
unmixed, with mineral oils, for light machinery. and spindles. 
Porpoise+jaw-oil,is still used, for. the lubrication of, watches. 
and delicate mechanism, for., which a thoroughly. non-drying 
and fairly limpid ‘oil having an.extremely, long life'is, required: 

As-far as the lubricating properties of janimal.and, vegetable 
oils are concerned, they were excellent, as the ;heavier| oils; 
such as castor, were able to withstand. very high, pressure, and 
the lighter oils, such: as sperm,-had.a very, low) coefficient of 
friction:' ‘The great drawback. to their,use, in, addition to their 
high cost; was their oxidizing tendency, which’ necessitated, the 
frequent cleaning of :machinery to get off, the, gum: formed by 
this oxidation. Moreover, acids were forrned,;. which, attacked 
the metals, causing pitting.and corrosion. Therefore, pure 
mineral Jubricating oils, if properly manufactured, can|be used 
over and over; again, which’ is not, the) case with apy of. the 
fixed oils, 

Nearly, all-lubrication of: a general nature can now best be 
cared for by a straight |mineraloil, of the proper: viscosity: 
For turbines\or)for any circulating system; a compounded oil 
is never used, ds it-causes aniemulsion, which, above alllis to be 
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avoided; and only the!best:grades:of- straight: mineral filtered 
oils should beused for the latter purpose -and should | be |se- 
lected strictly apert: the Basis, of quality and suitable viscosity. 


bi) st 


GREASES. 


Tn’ taiere Htc! practice there ate certain 1 sevcobinidal 
conditions which ‘cannot be Handled to advantage’by lubricating 
oils;and fdr'which ‘it is necessary’ of desirable to tse a’ semis 
solid “ibricant? > To ‘meet’ such’ ‘conditions: 'the- form? of the 
minéral oil is‘changéd'to'a semi-solid ‘state’ by a ea a 
arid: the: reésalting hibricant is kiown'as ptease.’ | 

‘Grease, <a the’ tert is used’ for ‘commercial ‘purposes, tis'a 
mitiéral oil ‘thickened with’ soap!' The! soaps’ tiséd> for’ this 
ptitpose’ dre ‘made: from atf'animal*or vegetable” oil, suchas 
tallow oil; Horsé fat, lard oil, ‘cottonseed oil; ‘rapeseed oily palm 
oif atid’rosin ‘oil!’ "The eénsisteney of the grease is iffom soft 
to‘hard, depending upon the percentage'of ‘soap in the mixture: 
Tn? practically ‘all greases mineral oil constitutes by! ‘far ‘the 
larger=part, frequently as mitich as + pty ent cent of oe fin- 
ished prodwet)!)) "3 09 91s 

‘A grease’ thanufacturer ‘tmitst be very Seat in ‘the riethbds 
of handling the ‘various ‘materials used ‘in'the manufacture-of 
grease.’ Two greases’ might ‘be! made according to the same 
formuala'and still’ vary greatly in Jubricating ~value,due tothe 
difference: it’ 'the ‘methods: of worn oe syntoge ere 
used iii their’ manufacture. 7 0105 4 

Tn the mant facture’ of most greases the sila of! Fbpelaole 
olf is placed | ima’ steam-jacketerd kettle and: heated 'to ‘theres 
quired tepperature. ) Créam ‘of ‘lime or other: alkali dissolved 
in water is then added, and this mixture is boiled and’stirred 
untilit is‘cortipletely' saponified, or turned into soap. |: In/the 
manufacture iof the best greases the ‘heating is ‘continued until 
neatly all of the ‘moisture is driven offs: Pattiof the mineral 
oil is then °stirred' in, ‘and the’ ‘stirring’ is-continued: with the 
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addition of: more: oil:untib:the proper ¢onsistency: is reached. 
Lime and soda greases are made by-first: mixing the«fixed! oil 
and:-mineral :oib-and: then adding :the:alkali; ‘The: finished 
product ne contain no! — and ishould»be: —— 
in: character:«: 2ireizl TICLE Bes 9tt 
For all: itircaatict eo Gees the speed/is highs ee ie wil 
canibe retained jin or aroiid:the bearing, itis inadvisable :to 
use grease, for the reason:that lower bearing» temperatures and 
lower power consumption: cam ‘be: secured! bythe vise: of oil 
There: are:many places, however,;:whereit:isineressary' to! use 
grease, due to the fact that oil eannot:be:retained on thie bearmg 
surfaces, on due: toithefactithat the: bearings ‘are:so! located 
thatrit :isiimpossible to:geti at them tovoil:them regularly. Tt:is 
therefore! necessary ‘to have ay lubricant‘ that:-will [feed very 
slowly and insure lubrication for an extended period.without 
replenishing; and’asa°general: rule,-grease should: be ‘used fod 
‘lubrication only under-slow: speeds and ‘highopréssures}1or°in 
cases where fluid lubricants :cannot:bé retained’ fori a'sufficient 
time: or used with: ge nes crea es ies bigot 0 ” 
operation.) = [)i\02-l019 binerde tud ar 
"Phe melting’ ag of : ead iscthe nie late sihich 
the grease: begins: to’ flow :in tiquid> form: \:Phete' are! several 
methods’ of: determining -the melting! poimt'andeach method 
will: givesa’ different: temperature*as) the melting point. ‘The 
following method, \Fig.' 1; is:now:being: used) very-generally 
- with satisfactory results.‘ Some ofthe! gtease!to be tested: is 
spread with ithe: fingers onto' the bulb Bi ofa: thermometer; 
which ranges ‘from’ about::100' degrees F.):to’ abouti400> de- 
grees) EF.» The thermometer jis them fitted by means /6f/a cork; 
Cy ihto-an empty test! tube’7', so: thatotheothermometer hangs 
. free. The test tube is then placed imdn oil bath O-heated by 
a, Butisen burner, andthe’ flame so ‘regulated that the'tempera- 
ture«wilb rise, from! two to! four degrees! pet minuteso: When’a 
- pnag ‘on! ithe sane tt ate ‘onmeat and fallsito the 


re if toMy Bi HITS Lif ti tosteb 8 rd bo? 
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bottom ‘of: the test tube; the temperature is caegrseseenee as’ the 
melting point:of the grease. 

Cup greases are primarily intended for use in pompinessien 
cups which force! the grease directly to the bearing’ surfaces, 
There are, however, a number of designs of compression! and 
other types of cups: -As cup greases are comparatively low in 
melting point, very little:frictional heat is required ‘to reduce 
them to a liquid, consequently their consistency should depend 
very ‘largely upon’ the:mechanical method used to apply them 
to the bearing surfaces. The personal equation: plays.a large 
part in’ the ‘selection of greases ‘of various consistencies, as 
different engineers ‘with the':same equipment: vary in» their 
opinions, some preferring a very soft and others preferring a 
very hard grease, ata tee: of the ir ane of the 
machine. 
¢ Unless compression cups are: used, grease:must depend upon 
the: frictional heat. of ‘the bearing to soften it enough to be 
carried in; between the bearing surfaces.’ At::the same time 
it is necessary that the grease should not melt and flow away 
from the bearings, but should stay in a semi-solid state under 
bearing: temperatures. » Special grease, intended’ for use in 
relatively: high temperatures;:can be of the same general .con- 
sistency as the compression-cup greases, but: of higher melting 
point. This permits of) direct: application to the bearings, as 
in the case of open-slot bearings, or it can be fed through a 
copper. pin cup. -‘This ‘cup: does’ not have the compression 
device, but instead has a copper wire, the function of ‘which 
is to transmit heat from the bearing to. the grease; so as to 
make it fluid,enough to*flow: to the bearing. For extremely 
high surrounding temperatures a very hard and:a very high 
melting point grease should. be used: ; 

If, a,-grease is not properly manifactured, the oil will fre 
quently separate under. service conditions, leaving the ‘soap in 
the cups and on the bearings in ‘solid 6r. powder form.: This 
is caused by a defect in manufacture that cannot be discovered 
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by the casual inspection of a sample of grease. Cup greases 
and general lubricating greases should not separgte when sub- 
jected to working temperatures, and when cooled should go 
back into a perfectly homogeneous mixture. 

A grease-isnever-better than the mineral oil used as its base. 
In other words, | the lubricating value of a properly manufac- 
tured grease depends upon the mineral oil used! i in its manu- 
facture. |The soap acts as a thickener: for the mineral oil, and 
it is the latter that does practically all of _the Jubricating. 

The appearance Of ‘a grease is: freqjuently /| misleading. 
In endeavoring to make greases at a low price, it ‘ig the custom 
of some manu factuters to use the very cheapest mineral oils 
‘obtainable. ae Tt is possible to make a, grease with ‘these cheap 
oils which will appear just as good to the | eye asf grease made 
from the very best grades of lubricating, ‘oil, but as lubricants 
they aré greatly inf: sridt to greases made/from igh-class min- 






eral libricants. In the manufacture of some j ases the soap 
is ngt boiled down so as to,drive off the excess m isture, and as 
a yesult the finished product contains a) large “percentage of 


water. This lowers the cost of prodiiction. without affecting 
the appearance of; the ‘grease. Moreover, many greases for 
heavy pressures and for rough work are filled with powdered 
spapstone, chalk, tale, and other fillers. This increases the 
weight, cheapens the product, and gives it an artificial body. 
Such fillers, however, should) never be tolerated ina mpnererte 
grease. 
The low temperature to “which a ipbeise can "be" Fibljetted 
without. solidifying is a point whieh-has-frequently been-over- 
‘looked in the past. It is particularly necessary that greases 
used in low temperatures should be manufactured from low 
cold-test oils, and therefore they will not become solid even in 
very severe winter weather. 
There are certain conditions which the hardest and the 
highest melting point greases cannot satisfactorily meet, and 
include such work as that offered by different types of gears 
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and wire'ropes. ‘Toimeet these!exact conditions a product has 
been perfected: which, due to:its great) viscosity;' its cohesive: 
ness, its adhesivenéss;:and its ‘heat: resisting properties, is now 
being used with wonderful ‘success under conditions: where 
ordinary greases have always) failed: to: show efficient lubrica- 
tion. A thinner lubricant has:been developed for worm drives 
and! other small enclosed: high-speed: gears. 
These: same ‘products aré: used» under’ conditions as affected 
by. temperatures in connection »with wire-rope ‘lubrication, 
Here it-has been found-that the ordinary or best grades of oils 
or greases have only:provided.a temporary coating of the outer 
surface of a wire rope: . While the outer coating lasted»it 'of- 
fered some resistance to friction between the surface of the 
rope; the sheaves or drums'over: which the rope passes orto the 
attacks of the elements to:which the rope may be exposed, but 
it is the friction and corrosion of: thesinner «strands that eats 
into. the life. of the cable. . However, the lubricant which has 
recently. been: developed will; when properly applied, work in 
between the strands and thoroughly lubricate every wire ‘of 
the rope as well‘as, the hemp center; it: will not harden on the 
outside of; the; wire rope and: will not peel or crack, and any 
rope dressing: that. will::harden or crack will let:im: water, 
which. rusts. the. wires} and. rust. is the great’ enemy: to a ‘wire 
rope. : 
In order that the engineer may be in a position to: more 
intelligently: select: suitable lubricants a little general informa- 
tion concerning the separation of the natural-crude oils:into 
various products: used: for: lubrication _purposes;' and also by 
touching upon,the ‘most. important test to which" lubricating 
oils are submitted will give ai better idea regarding the selec: 
tion of, proper lubricants, it being desired to bring out clearly 
those.qualities| which will: cause. an oil: to be suitable:or un: 
suitable for the contemplated work. 


” 


OF, REFINING. 


Briefly, crude oils are separated into various products by 
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the following methods-of ‘distillation—the |“ dry” distillation 
process in-which the heat’is applied directly to the bottom of 
the stills and the distillation continued until coke only remains 
and the “‘steam’’) process in which beside: the direct heat steam 
is permitted to enter at the — and bubble up'through: the 
body of the oil, also |the “f vacuum” process in which)/by means 
of a pump, a partial vacuum: is’ created in’ the: still. ‘These 
various methods: may be used singly ‘or, as in‘ most:cases, two 
or more:are combined before the ‘finished products are arrived 
at. The advantage or disadvantage of using either‘or any of 
them would require too: much’ space to properly cover here. 

The ‘stills, of course, vary: greatly in design and ‘size: ‘In 
any case’they are similar to an ordinaty steam: boiler without 
~ the tubes,” usually: being: a ‘horizontal ‘steel shell.set in’ brick 
work and: connected» at: the top’ or dome’ with: ee pipes 
which lead to:the condenser ‘coils. 

The boiling points of the various constituents’ of the crude 
of course determine» when that part — and passes: to 
the condenser: 

The more: volatile portions: of the crude,‘such as benzine) 
gasoline, kerosene and gas oil are distilled first) the cut from 
which general ‘lubricating ‘oils'are:made’ coming: over ‘consid: 
erably later, and the steam-engine cylinder stock’ is the ‘residue 
which remains in the still after the other products are drawn 
off, providing steam is used in distillation: | 

Each: cut: coming! from ‘the: ‘stilb may, and usually: does, 
undergo, further distillation by different processes, or they may 
be acid treated, filtered: through fullers: earth, ‘filter pressed 
sweated, or’ ‘sui bleached,’ each process ‘having its value’ in 
producing a product for'a certain purpose’ For instance, the 
cut, from: which general lubricating oils ‘are tiade ‘fs ‘subjected 
to; numefous costly processes before ‘it is ready” for me con- 
Filter-prisshig and sweating are certain processes = which 
the paraffine wax is removed from the stock. _ Some oils are 
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sun-bleached: or! exposed: in:shallow: pans. to the sun, ‘which 
causes them: to! havea permanent ‘color. 

, Paraffine-base lubricating oils when finished saidous have a 
viscosity of over 250 seconds Saybolt, hence, ifi order to obtain 
the higher viscosities which are necessary “for certain purposes, 
they must be blended with some other product of higher’ vis- 
cosity. The residue. from the Pennsylvania crude is usually 
selected for this purpose, although various animal or vegetable 
oils dre sometimes used. -Asphaltic-base oil can-be, finished at 
practically:any viscosity and they tus avoid the ob jonnannile 
necéssity -of) blending. 

Paraffine-base oils’ usually do not-have: a low cold or. pour 
test, owing, to the fact that it/is both difficult. and; costly, | to 
remove the paraffine wax. which is the cause of, their! freezing 
at low temperatures;; They will seldom flow, at a temperature 
lower:than.30,; degrees F. | Asphaltic-base. oils, mot having to 
contend with the paraffine, wax are practically zero cold-test 
oils, that is, they will still flow at zero. Many of them will 
not freeze and will still flow at 15 degrees below zero. 

This quality is very important when an oil is to be used in 
or on equipment subjected to extréihes of ‘temperatures. 


OTHER OILS, 


Animal, fish and vegetable oils are sometimes used, either 
alone or, as usually is the case, as a compounding for mineral 
oils for different lubricating purposes. The more important 
are as follows: : 


Whiale’'Oil made from whale “‘ blubber,” 
Lard Oif. 5.42. . made fromthe fat of hogs, 

Néats Foot Oil... made from-béeves’ hoofs, © 

pressed from ‘beef tallow,” 
made’ ftom ‘the head’ of the seperti 

satztrn chistes! odo} ltewhbkee Higio gigee.of 
Cottonseed Oil... made! from cotton mei 2289 
‘+ Rapeseed: Oil... 2: ‘pressed’ from rapeseed, 
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Castor Oil. .: ....made!fromthe:eastor bean; 
Rosin Oil.......% made by destructive. distillation. 


Certain af the a cen such as lard and oy hee — not only 
have value when compounded with mineral oils, but for. some 
PUFRPRES good results. can be obtained only by so ‘compounding, 


SELECTION OF AN OII,. 


. Itéan be safely said that the only way'to‘see’ what a: lubri- 
cant is is to actually try it out on the equipment that is to use 
it; however, it is not always possible to»follow’ this method, 
and’ also, even’ after a certain lubricant has been proven and 
selected, it is'sometimes desirable to have certain specifications 
as a guide in future purchases.’ This*can only be accomplished 
through ‘a‘series of laboratory tests, and the following isa list 
of those: tests generally made: They, “of: course;' need) not 
all be made in selecting oils for certain ‘purposes : 


. Gravity, 
.. Viscosity, 
. Color—Odor, 


. Flash, 

. Fire, | 

. Carbon, 

. Water and Sediment, 
9. Emulsification Tests. 


1 

2 

3 

4. Cold Test, 
“iB 

6 

7 

8 


Each of the above tests will be considered in the following 
with cuts of necessary instruments for making such tests: 

Gravity—By the gravity of, an oil is meant jts relative 
weight as compared to that of distilled water. Since a’given 
volume of distilled water at a certain temperature always has 
the same weight, the weight ofthe oil to be tested, instead of 
being expressed in grams or pounds; is said’ to have a weight 
which is a certain decimal fraction of the weight of the’ same 
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-voluriié of/:distilied: water’ at..60):degrees,.Fahrenheit. ‘This 
decimab fraictidrisis known ./as,;thesspecific gravity, of, the oil, 
owhich may be defined:as the ratioidf,its:weight, to the weight of 
anequal:volume of distilled waters \:\Fon (example, if.a certain 
» volume of:oihweighs 21 grams:and;the same-volume,of water 
weighs 25 grams, then the. oil: weighs! 21/25,or 0.840, as:much 
-asithe water; and aeconttinetas is; said to have a mene ere 
of 0.840.: ec i 57 
‘Specific ¢ qraivitly can ‘he: inocoued in yatious. add one; at 
which ds:by: means of the pyknometer, or, specific-gravity |bot- 
tle; Fig. 2:;inA special, bottle: with.a-perforated. stopper as. used 
in thelaboratory,,but.with care dn ordinary, bottle:can be: used. 
The:bot#le: should :first ' be; thoroughly cleaned and-rinsed, and 
then: filled: with! coldi:distilled:. water and. heated: to;15.6; de- 
greesiC:; or 60 degrees: F.:) Ati this temperature, the. , water 
should just: fill the bottle. |The -fill:bottle; should beicanefully 
weighed, and after. emptying! and drying »it,:the; empty, bottle 
shouldbe weighed. |The! bottle should: then be, filled with) the 
oil to be tested, heatedto-40 degrees Fi; again having the bottle 
exactly filled. with oil and. weighed: ,..Ini each case-the weight 
ofthe empty bottle! must be: deducted;from:the total weight 
found..;, The specific gravity.of the:oil is the ratio/between:the 
actual: weight:of, the oil and the actual: weight of the, water. 
To; the oil; manufacturer; or ;chemist.a,' knowledge: of. the 
gravity; of an: oil: is:important, and) several: other instruments - 
are in use to make these determinations, but we have-given; the 
simplest. means whereby the engineer may make some simple 
determinations should ‘he so. wish. . In the first place; it is} one 
indication of the crude from; which.-the oil! is. made. . Light- 
gravity crudes are entirely paraffine-base crudes, and products 
of ,suchi crudes.,are of ;correspondingly. light:-gravity.) | The 
Pennsylvania, Ohio, Indiana, and northern Louisiana: crudes 
are. paraffine;base, and. lightigravity, ¢rudes.; -The;'Texas, ex- 
cept from the Electra. field, inthe! northern, part and the Cali- 
fornia crudes, are:-heavy-gravity, and the products made from 
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these crudes are correspondingly heavy in» gravity. The’ ex- 
perienced oil man can locate 'with’a/ reasonable degree of ac- 
curacy’ the source’ from which''a certain oil came, and!in' so 
doing its gravity is his chief guide.)'' Furthermore, in irefining 
and handling a certain crude, gravity is‘an py site as 
it'is'a guide in the-distillation process. 

‘It will beiremembered that the value of iencline’ is: lta 
mined by its range of distillation and not by its gravity. Of 
two gasolines having the same' range ‘of distillation, the heavier 
will give'the greater power ‘and ‘the greater numberof! miles 
pet’ gallon; due to'the greatet number of heat units: Gravity 
has'no bearing upon the: value’ of ‘Keroserie./7 Inthe: icase ‘of 
lubricating ‘oil, the'gravity is ‘of value' in that it is an indication 
of the nature of the crude’ from whieh the oil is: made!‘ In the 
case’ of fuel ‘oil; gravity is of more limportancé ‘asiit is an indi- 
cation of the heat: units:in ‘the fuel, the heavier ‘the! grevaiyot the 
greater’ the number ‘of heat) units per'gallon!: (1 orlyis 

In’ selecting a “lubricating <oil, the oil expert never takies 
gravity! into ‘consideration, aszit hasonbthing todo with the 
lubricating »value.° Twenty-five’ years: ago all: Ameticat oils 
came’ from Pentisylvania»and) the North! and were>of light 
gtavity!>'When >the! heavy-gravity:crudes: first! appeared, 
though’ very valuable; they were ‘entirely different ;:the refiners 
evidently ‘didnot! know: how: to‘handle them ‘to the best advan- 


- tage, arid for a’ time the products were! the a of — 


ar ona large scale” 

At theopresent time, showever,! for'smany -purposes’| anit 
better lubricating oils are being made’ out-of "these: ‘heavy- 
gravity ‘crudes’ than ~were ‘even ‘dreamed of five years) ago. 
Properly ‘manufactured ‘oils ‘from: the “southwestern / i heavy- 
gravity! prin haves! certain nataral advantages: for: some 
purposes." ': rrrar rH tOrcsrisviversa] 

Gpoeifkatidis isstied! sy most: pilot of oils havilinovd béen 
widened to include ‘oils'made'from all crudes,! For instance; a 


‘specification’ -wtittenten ‘years’ ago: for’ageat .oil would" call 
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for'25 degrees B:'to.26 degrees’ Bo gravity; today,.to include 
the’ best’ gear lubricants, the specifications: must» call; for ; 13 
degrees Bi to 26-degrees ‘By which is iso wide) asito. be nearly 
no Me a all,» _ this! is se the — ithat! is 
taking place. 

Lubricating Ldiolinet are soit éninde ti lai a} ane 
range of ¢rudes:and'therefore aresof both: light -and heavy 
gravity: «So far as the corisumer is concerned; However; grav- 

ity has very> little — — beam in: the case of 
- efuel oilev 


4 


(Flash and Fire: <2 Whéri any’ fiquid 4 4s! heated dufftientiyy it 
gives‘ off .vapor:(°For example, as» water is ‘heated it! isocon- 
verted into’ steam, gradually until the boiling ‘point is reached, 
and ‘ther! rapidly/:' ‘The same ‘phenomenon ‘occurs ‘in’ the ‘case . 
of’ oil, but ‘inthis. instance the vapors ' which are: given ‘off are 
inflammable; and formian éxplosive' mixture ‘with the air! The 
danger‘of  fire/or‘explosion, especially) iri the ‘case 'of kerosene 


or burning oils, led to the introduction of a test which: would 
differentiate those ‘oils which) were safe for illuminating ‘pur- 
poses’'from those~which were! ‘so volatileas* to: make 'them 
dangerous): Later, when: the ‘mineral ‘lubricating: ois were: in- 
troduced; 'the*samne’ tests were extended! td thesé heavier: oils, 
“not becawsé!there 'was' any particular danger of? fire“in the 
case of a properly manufactured oil, but rather as a guide}'to 
the: refiner in ‘hisvarious methods of distillation) s es! 
The flash point of ‘an oil! is the temperature at which an oil, 
upon being slowly heated; will giveoff' sufficient vapor to'form 
over its sarfacé'al mixture with the-air-Which; spon ‘the intro- 
‘duction of-a'small flame; will ignite*and go'out:!" As the tem- 
- perature ‘of the oil rises|‘moté-vapor'is given off! and wher the 
production! of vapor'is sufficiently| rapid; the’ oil takes fire dnd 
burns witha’ continuous flame.’ The fire point of! an"oil iiay 
therefore be defined) as the temperature at which, — ap- 
—— Kei — ae oil wilt Buri prepeneseer 22 Hf OMNOZE? 
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obuBor the determination of the flash and) firé points,a number 
Sof imsttiments have been’ devised; which; with but few. excep- 
‘tions, ‘can ‘be: divided into'two, géheral:classés open cup:and 
‘closed enp. Inthe first case ithe sample is, contained, im an-open 
reservoir, having free access to the air, and the flash point: is 
the temperature at which sufficient vapor is generated: over the 
immediate surface of the oil to form ani inflammable mixture. 
Inthe second! case the:sample is held in.a container partially, or 
‘wholly closed, with, however, sufficient air space, to/allow the 
formation of an inflammable mixture of air and vapor.|.,As 
can readily:be seen; ‘the flashpoint of the same oil will be lower 
when taken with a closed cup than: with an! open eup. || In-order 
‘to lignite, it: is necessary that:theré:should be. a mixture jof,a 
. scertaif amount-of vapor with a certain amount of-air.,As the 
quantity, of, air:is smialler:in:the closed: cup,-it/ will not require 
the formation’ of.as:much vapor to give this mixture; conse- 
quently a lower flash pena: — be. basionded when the.closed 
cup is used. » 

The open: ctips are best setae to siteady: work ‘int if 
‘used with care, give very satisfactory results,;, Of these the 
Taglhiabue and: Cleveland. open testers are the most: important, 
cuts:of which are herewith shown. There are a.Jarge number. 
of other'testing cups which. apace will not _— us to! dwell 
upon, 

Flash and fete tests! ate of, india: iniervasees in the case, “of 
kerosene and. petroleum: spirits. . Burning oils going ‘into! dif- 
ferent: States must be tested, with the instruments which these 
States have legally adopted.;; While some of the States require 
no special’cups or require-only “standard instruments,” others 
specify. the, Tagliabue, the Foster, or the Elliott instrument. 
‘Most ‘ofthe State laws specifying a minimum: flash. or: fire 
test for-burning oils-were drawn up at a time, when kerosene 
was: ‘the most valuable constituent of petroleum) and »when 
gasoline wasia drug) on. the market. . At that:time refiners.en- 
deavored to increase their yield of kerosense by lowering the 
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flash point, with the danger of making a product which had 
too great a fire hazard, and was dangerous. for domestic use. 
Consequently State laws were devised to prohibit the sale of 
any burning oils which would be dangerous as“shown by the 
flash point. Today gasoline is more valuable than, kerosene, so 
that these laws are iow of less importance. 

As far as the flash point’ of. lubricating oils:is- concerned, 
it was soon discovered by the refiners of Pennsylvania oils 
that given lubricating cuts from these crudes: ‘would have 
higher flash points ‘than similar cuts from ‘asphaltic-base 
crudes. Accordingly, the high flash sales argument for lubri- 
cants was used very extensively, and innumerable: ‘specifications 
were drawn up which required a very high minimum flash 
point. Some of theg specifications are still|in- existence, but 
ppearing. This sales argument, which is 
and. ssed by manufacturers who work 
oil, i a being pushed as strongly now 

o the eng fact that many of the-fefiners 
who form ly used-on ® hsylvania ctude are now ‘tom- 
) draw. Wester iid Southwesterri*crude, and 
therefore to ‘ower the flash point on their products. For gen- 
eral lubricating oils the only requirement as. to flash point is 
that the flash should be sufficiently high to allow-a-reasonable 
margin for safety.—- ‘As the ordinary bearing, temperature 
would not average more than 150 degrees F., a flash test about 
300 degrees F. Wome: leave a margin of more, than 150) ide- 
grees. 7; 
In (the lubrioadihe, of. steam cylinders, whes. “superheated 


steam |was-fifst-employed)it-was | \thought- necessary- to-have 


cylinder oils with a, Aash point higher than. the total 1 tempera- 
ture of the steam! Superheated steam in‘-somie vinstances 
reaches a temperature as high as 700 degrees F. It is possible 
to have a cylinder oil made from certain stocks with a flash -. 
point of nearly 620 degrees F., but these oils are so near the 
end of the distillation that it was found in practice with high 
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superheat ‘temperatures that the oil; that stayed in, the cylinder 
changed very ‘quickly: toncoke:and -caused, great, damage,; - <;| 
‘Pheifailacy!iof: theohigh-flash:atgument ion: lubricants. for 
gas-engind oils scan ‘be shown: by the following, facts.;; ‘The: 
temperature ‘in ‘thé explosion chamber of the. gas engine, cylin-, 
“der is between ‘two and three: thousand-degrees, Fahrenheit. 
The maximum temperature of the:gases is about 2,700 degrees, 
F.,'and the! average ‘temperature! about) 950.degrees F... The 
temperatute of ‘the surface of the cylinder! walls themselves 
varies! probably: from: 500degrees F. atthe top travel -of the 
piston! rings)to°175: degrees Fat ithe bottom: :The-piston, top 
and upper: rings) ate 1indoubtedly over 500:degrees F.. When 
these engines were: first ‘built: it was thought necessary to use; 
a high-flashoil to ‘withstand this: uriusual condition. Owing 'to, 
endléss trouble with these :hedvy oils, however; they have:been: 
entirely-superseded) and ‘today: the lighter oils! are: almost! uni- 
versally' employed.)! Theoriginal idea was to get;-if: possible, a 
heavy? high+flash ‘vil ‘that would withstand. the -high -tempera-. 
ture’ aridsfemiairi a lubricahtisAfter years: of expetience: it/has 
become: the’ practice to employ«a- lighter: bodied oitthat will 
bitrn! comipletelyand:: a — wheal it) _ ator: the; 
combustior chamber.1's)':{ 9113 69 ors ; elio Intog 
i Since there fsia vast  daffebence oetviicem ahitneanpieiiiiat of 
the hob:gases and that df the cylinder walls, it:follows that the; 
inner and outer'sur faces of the oil film: will: be: exposed to quite 
different conditions.:| Wecar consider the oil film a$-consisting 
of two layers; the:function of one/of»these: being to:furnish 
the ‘lubrication ‘and :of ‘the: other to! withstand thé! destructive 
action;of the:heat andi to protect this: lubricating: layers:-The 
surface:éxposed to the high temperature of these gases is with- 
out doubt affected by this heat, irtespectiveof its flash’ point.; 
The outer surface is exposedponly: tothe: comparatively:low 
temperatimwes: ofthe! cylinder walls;:and, with a: film: of any 
appreciable thickness, will be: eet sage ee az 
burning gasesz}2i¢i0> «111 i tomoiniT brodi 
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‘OE xpéritiients which we have made:show that the flash:point- 
has nothitig: to do 2with the ‘lubricating! value of «a smator:oil, 
An examination of the flash: pointiof:the-oil in the ctank,¢ase, 
after it had operatedoin the motor of-a°carithat had wim: fifty, 
miles, revealed: the>fact ‘that 'the flashi was:only' 150 degrees Fi: 
whilé thie ofiginalflash point was‘445 degrees F.: The original, 
higti flash ‘of the'oil:did ‘not indicate the’ sealing :qualities:neces+ 
saty fora good:motor oil, and-with this:oil the seal between the 
piston ‘tings andthe cylinder ‘walls was:not ‘stich as, to:prevent 
the’ gasoline: vapor” from passing>into the: crank ‘case: during: 
the compression stroke’ This gasoline:niixture contaminated, 
theoil, made°it: lighter in’ body-and only~150 :degreesi\B .}:in: 
flash, thus: proving that’a high-flash oil would not: remain: 36; 
uriless it‘possessed ‘other and'more valuable chardcteristies, arid: 
that ary oil having these! essential:qialifitations could: ‘well be: 
of a lower initial flash point if! its flash ‘would remain constant., 

* Aj great: many: purchasers’ of :steam-cylitider oils, motor oils, 
and gas-engine “oils, aswell a$::many:other lubricating. oils, 
think ' thatothey: require:a tubricanti:havirig! a high:flash:test.; 
It! has thee proven: in scbrés»of: cases thatwhen, it comes to! 
practical results’ that! for-certaim! purposes :certairi ;low) flash’ 
point oils are greatly superior to the high flash:cils; so minch, 
so’ that/among those well: informed; the flash and fire 'points-of 

properly manufactured oils are considered | of practically: no 
importance*in; determining’ their lubricating ‘value: ).) !351); rer 

‘Color.—For ordinary ‘purposes: the color of} amoil ‘destin 
determined by its: appearance im aniordinary: sample bottle. 
Color as-welb ds the:general appearance! of an oi] will-vary;witlr 
the’ ‘sizeof! the ‘bottle; and: itis) therefore essential that: for 
comparative purposes the same sized bottle be used. The: ote 
ounce bottle 4s the-standard used: by: all oil companies, _— 
therefore! the:most convenient tolusex}*s <i eosin some oe 

‘In tthe: laboratory, ‘where | color) ‘must be /a¢curately: es 
mined, special :instrumentsare:used, ‘the most important being: 
the Lovibond Tintometer, Fig. 5. This consistszofsa covered! 





LUBRICATION AND LUBRICANTS. Wah 


troughcor' tox Fi divided longitudinally by: a- partition. termi-, 
rating inal vertical knifé edge K oppdsiteiani eyepiece fixed: 
atone ends >Tawo)channels:L, are thus: formed, which diverge: 
slightly from! the‘endvat which: theieyepieve is placed;:;/The 
oil to'be examinediis placed in a regtangular glass:cell C, which, 
is placed at the end of the right-hand channel. Stained-glass, 
slides'of Pacers ~~ * color are then inserted into — 
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grade ‘oil may*be ‘either paledor'ped. | The oils: of any. one:re-; 
finer can; asa rule, be classed genérally: by ‘colors, but, owing: 
to the considerable difference in .crudes employed and; to;the. 
manipulation; of -theseycrudes, the products:iof;.one refiner 
cannot be compared with aides of: andthe On: - basi: of, 
color alone. 

Among ‘the users: of :oil i Oe seaitiiie has: se 
existed in regard to color. Engineers who are accustomed to 
dark colored oils regard the light colored oils with distrust. 
The reason for this feeling is that-acthin film of dark colored 
oil can be seen clearly, and when they use a light colored. oil 
they think the-bearings are not properly lubricated because 
they cannot readily see the film of oil. 

The color of any oil changes with continuous use. For 


. instance, if a turbine starts up with an extra pale turbine oil 


in a circulating system, the color of the oil will gradually be- 
come darker, and after running for:many months the oil will 
be a deep wine color. Should a red turbine oit-be used, the 
change takes. place just the same, but it is not so noticeable. 
In Diesel engines, oil also darkens, due largely to unconsumed 
parts of the fuel being washed down into the crank case. ‘The 
change in the color does: notaffectothe lubricating properties 
of the oil provided it is properly filtered by a special process 
which can. be easily, and cheaply installed. _ ‘ 

When an oil changes i in color through use, it does not ‘mean 
that the oil i is , becoming worn out. or that its  Jubricating. value 
is being materially affected. lt is ‘simply. an indication that 
under the stress of service the oil j is taking up various foreign 
particles which affect the color.., Changes i in color of an oil, 
therefore, are due to surrounding: conditions, and not to the 
oil itself . 

In the. case ‘of ‘cylinder oils, also, cholee of “color i in 1 he 
ma jority of cases, is, largely a matter of prejudice. Some 
engineers. prefer a. dark cylinder oil, others ‘prefer the bright 
red filtered cylinder oil. Unless the exhaust steam is to be 
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used for; manufacturing: purposes »where, the ,oil-may, get into; 
the -articles; being ‘mariufactured, conditions; which can :be met 
by the filteredicylinder: ails tan -be,met as well by a ai colored, 
cylirider oil and ivice' versa; 

Odor.isra:mattet of sents ‘both i inthe case or refined 
oils and inithe:case of lubricating oils;'!}).. ; 

Lubricating icils are. classified: in regard to, ates as. normal 
and;compounded: -Normal neutral) oils, are, straight, mineral 
oils,.and compounded oils \are mineral, oils combined, with fixed 
oils. The different fixed) oils,;suchi-as; lard, -rape|and neats- 
foot, have characteristic odors: which can frequently be recog- 
nized) in ithe compounded: oil, so! that, itis, usually, possible to 
tell by: the odor of; ani: oil whether it.is.a, straight, mineral oil, 
and) often} ini case:it isja some oil} what, fixed oils:-have' 
been used in: compounding. i Pts 

2AM! straight mineral oils: rai | a) chibeenseviesia olin whioty 
when they-aré properly manufactured, is: almost,imperceptible. 
It; occasionally; happens that: oils; which have been; stored or, 
shipped ini wooden barrels: have;a)rank .odor:' ‘This is :due’ to 
the ipresence iof-niaisture! which has affectedthe glue used-in, 
lining the inside,of the-barrel.; Ewen a, small amount: of mois- 
ture will dissolve the glue and icause the, rancid,odor.::: Due: 
to mode¢m.-facilities,: inspection! and :care,:it is practically! im- 
possible for; moisture, to; geti|into: the oiljat.the- filling plant.; 
Water, at times}; however;,does get/irito: the: ‘barrels during 
transportation, ‘and because, the importance of/ keeping the oil; 
barrels dry at'all times'is not properly; understoad; the, barrels 
are frequently allowed to stand on end.in the open. Snow.or 
water accumuldtes on the heads, and.a small amount will some- 
times leak through, causing damage’ to. the-oil:, To. prevent 
water from: getting into the oil in/this way, barrels should be 
stored.on; the side) or, bilge; better ‘still,, baw wheal, never be 
allowed. to.standsin-the-opens #3 

Cold. \Test,—Nearly all oils are re liquid an pat ee learn’ 
tures, ‘In; the subject of “gravity” reference, was:made to the 
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fact'that offs expand ' with an increase in temperature:and con-: 
tract ‘witha ‘decrease in température: |) Ifthe tempetature <4) 
gradually reduced from 60 degrees F: the oil'continues to: cons! 
tract, and finally a point is reached at: which’ it ceases to 'flow- 
Oils made from paraffine-base crudes;' which contain: paraffine 
wax in solution at ordinary »temperatures,» cease! ‘flowing -at 
higher temperatures than oils made from asphaltic-basecrudes. 
This is ' due: 'to ‘the’ fact: that ‘wax ‘itself 4s. solid:at« ordinary: 
temperatures and will, when’ the’ oil «is tease — 50-4 
rapidly so‘that'the oil itself cannot flow. | othil 

There are' two changes which: may occur invan' oil voi it 
is ‘cooled, designated as cloud: test‘ and ‘pour ;test: » The cloud: 
tést is the temperature’ at’ which’ the oils upon: being! cooled) 
becomes slightly’ cloudy or partially opaque from:the formation: 
of particles of paraffine wax held in! suspension by the ‘oil! 
This ‘test: is: made only in? the case-of, paraffine+base: oil,’ as 
asphaltic-base oils ‘contain no paraffine wax-and therefore have 
rio cloud test: The! pour /testis)‘the Jowest! temperature at 
which ‘the -oil will flow or pour.)::'This' test'is: made ‘om both 
paraffine and aéphaltic-base: oils:''| The ‘term ‘cold “test: is fre 
quently ‘used loosely to: refer to> either’ cloud! test ad _— 
test, more frequentlyto the fatter’ 91/2 91) ovloae:) 1h 

There? is’ a fundamental difference: betweéti': vladtibbectaed 
and apphaltic-base!oils:' In’ the ‘distillation! ‘of ia pataffine-base| 
oil’ the wax; which is ‘held»in suspension’ by! the Gil, is a‘wola/ 
tile producti‘and is distilled: over! with: the ‘vatious' ‘petroleum: 
distillates,’ andthe residue left'in the stil after ‘the distillation’ 
is complete is petroleum ‘coke. |In'the case df asplaltic-base 
oils\'the ‘asphalt is ‘not ‘volatile’ and! cannot “be ‘distilled; and 
therefore does’ not ‘distill over with) the: petroleum ‘products, 
but remains as a residue in'the still? ‘Thete fore, while a’ paraf- 
fine=base' oil: contains’ paraffine! wax in ‘solution; an’ asphaltic 
base lubricating oil does not contaift‘any' trace! ofasphalt)°!' >. 

>In making the cloud ‘test, Fig! ''6,''a cylinder or glass’ jar 

about one: and:one-fourth ‘incties internal diameter/and about 
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five inches long, or a regular four-ounce sample bottle, is 
filled to a height of about one and one-fourth inches with the 
oil to be tested. A cold-test thermometer is then inserted into 
a, cork, and the cork placed i in the mouth of the jar, so that 
the lower end of the bulb of the thermometer is one-half inch 
from the bottom of the jar. 

The cold-test jar is then placed in a metal or glass jacket 
four to five inches high, having an inside diameter of the test 
jar. A disc of felt, cork,.or wax, one-quarter inch in thick- 
ness, is placed in the bottom of the jacket. Care should be 
taken to see that the test jar is placed i in the center of the jacket 
so that it does not touch the ‘sides at any point.- The whole 
apparatus is then placed in a) refrigerating mixture and at 
every drop in temperature of two degrees F., when near the 
expected cloud test, the jar is removed from the jacket and 
inspected. When the lower alf of the sample becomes opaque 
through chilling, cer : is this is taken 

th ‘pont't test the, 
are used as fe we epee test 
sired, be ma afi 
each drop & nt semper | egreeF: 
moved fro se and ti ted until the orl 
In the extr em ea se the: | ti e shou le sar pa 
nemital; Wh 12 eft wi is oil has ec t fee J arou 
ter and wie low ). the previ ous fi 
as the “pouirytes 1e aes E «Pr stots abl; 
— oe ac ak hae ok 
ly one-half hr Preaek ; Sorat DY ' 

There aré Biles ime! tyne ‘qses-405 whict hole” srep t for which 
a low cold 3 ¢2 orisic SeeY Seo : 4S for ample, in the 
ammonia cylindaes f ice machines, and: for winter lubrica- 
tion of moter-ears— Originally the onty crudes- available for 
the manufacture of lubricatifig' oils were the Pennsylvania 
crudes, which have a paraffine base and which contain paraf- 
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fine wax in solution. .To free; the oil, from, this wax. it is 
enecessary to chill the oil down, toa low ‘temperature and re- - 
move the. wax by ipressing. through wax, presses designed for 
this purpose. ;; The temperature-to which. the, oil jis congealed 
and the number’ of times it.is' passed! through the presses con- 
trol the: amount of wax removed..,,By repeating, the process 
‘amumbert of times,at a sufficiently-low temperature enough of 
the wax will be removed-so' that the oils will have a,zero-cold 
test. Naturally the; repetition, of, this, process, and the lower 
température required -for eee amsrRase. the ~— 
of ‘manufactures. ).::::' 

') With: the) tathodasibas: of i ‘ainda. tri ‘dep lienbashbise 

crudes, products were brought on the market which had.a na- 
tural-cold test of below. zero, degrees Fahrenheit,|; These. oils 
ipossess, the natural advantage of being. suitable for all extreme 
climatic temperatures... | Russian oils, also possess this charac- 
-teristic of low! cold, 'test,; but -until. the manufacture; in, this 
-country of oils. from asphaltic base erudes the, amount of, low 
cold: test: offered tothe. American lice ‘was: ~~ negli- 
gible, :; tf 

The} dolditest of, cylinder: piles is, aati high. “Cylinder oils 
are usually fed through lubricators| that, ate heated. or pro- 
-tected. from |the cold, andiare generally not subjected, ta! ¢old- 
weather, conditions.) No engineer thinks of trying te remove 
,eylinder -oil from, the; barrel until. it, has), beem standing ;in:ia 
‘wart room, long enough to; thin, down, |; Cylinder oils are: not 
usually made; lower than 45) degrees, F,,,cold test: and some 
run. as +high;as; 80 degrees... -The| high: cold-test: ails: are 
usually. filtered, oils. and (are solidoat ordinary stemperatures, 
looking very much like ja;dark, colored ‘vaseline: Some? engi- 
neers ,prefer.these, high cold-test joils;ias, they think thé! oils 
haye,a, heavier, hody,,but the appearance:is-deceptive:for the 
reason, that they contain a considerable amount:of low melting- 
‘point wax, which, makes them, solid, at ordinary ;temperatures, 
but with a,slight, amount; of; heat;they, become thi. All that 
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is neééssaryin¢ylinder ofl is°td have a stifficiently “low cold 
- “Hast £6 allow it!to flow 'throughthe lubritator)owhich maybe 
exposéd 'to drafts from witdows ‘or ‘doors jin the:engine room. 

' Phe Conditions ‘under which at oil ‘isto bé used determine 
whether dr not a low'cold-test}is'essential. | For 'general ‘lubri- 
cation, where ‘the oil is! not exposed tolow tenrperature cor- 
ditiatis,'a Tow’ cold'test “is (titnecessary }°on the other hand, 
where the oil is subjected’ to’ suth conditions, a low cold ‘wat 
is desitableand,”in' some! cases; tiecessary. PUIG 

Viscosity. In: determining: the suitability of a: lubricating 
oil for any particular purpose, the most importatit-singlé¢har- 
acteristic to’ be'considered 43° its ovicosity! 0 Tn distussing’ the 
stibjects of color, gravity, ‘flash ‘and: fire, and: coldotest; it has 
been’seen that ‘color and°gtavity have’ nothing,’ and flash and 
fire’ practically ‘nothing, todo’ with the dubricating ‘value: of 
an oil: “While the cold test of! an ‘oil’ has an important bearing 
upon its suitability ‘for feeding uni fornily under low. tempera- 
tures, generally speaking it has nothing to do°with the lubri- 
cating’ valtie, once ’the oil ‘has ‘reached 'the ‘bearing’ -surfaee. 
Viscosity, however, is a matter of the greatest importance, and 
should ‘always. be taken ‘mto: pee aailt shied; _— 
fore, be 'thoroughily’ understood. 9" 

The’ viscosity of an oil is‘ the resistance offre nine its hel 
clesior molecules in sliding ‘past ‘otte ‘another; in other words, 
its internal or fluid: friction!" Viscosity: denotes the ‘body 6r 
relative fluidity of the: oil,’ and’ is’ determined by “the time ‘it 
takes a certain amount of oil to flow through ’a standard ofifice. 
Glycerine and castor oil’ ate vety viscous of high in‘ viscosity, 
and consequently flow slowly; while’ gasoline aid water ‘are 
low in:viscosity‘and flow more tapidly? 0!" © 

The relative ‘viscosity ‘at 'atiriospheric temperature ‘of two 
or more oils”in sample bottles can be roughly determined ‘by 
holding the samiples together and quiekly turning upside down, 
and ‘then ‘noting ‘the drop: from the “bottonis of’ the’ inverted 
bottles. ‘The oif which drops! first’ ‘has ‘the lower. ‘viscosity, 
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orthe thinner’ body; if they-drop ‘together, the viscosity or 
body:is about ‘the same.) Again, ‘thé samples’ may ‘be’ shaken 
and-the relative viscosity determined by watching theascentof 
equal ‘sized air bubbles, the: more ppc ac the: movement ‘the 
. greater the viscosity of «the: oil.» 19 pode Sb 

For the accurate ditermintion ti silcnity it is necessary 
to use an instrument called a viscosimeter. The viscosimeter 
in general use in this country i§ the Saybolt:Standard:Wni- 
versal. The standard instrument in England isthe Retiwood, 
in France the Barbey, in Russia the Lamansky-Nobel, and in 
Germany the Engler. There is also a humber of other instru- 
ments in existence, as»well-as a. number of.modifications of 
the instruments already, mentioned, -Other- instruments which 
havé.been. used to a limited: extent. in! “this: ‘country are the 
Tagliabue, the Scott and the Doolittle. EH 

Except for those interested “in, the export of oil, or those 
outside of the United States, the\ Saybolt* Universal Vis- 
cosi -is. the only instrument/with which the oil man needs 
to be iliar. At the present time there is ‘a decided move- 
ment in: shia country. toward ‘Its. general! adoption, so that it 
has the advantage of being the most generally used and gen- 
erally” ‘known’ of any of the large number of viscosimeters. 
It is also simple in construction, is accurately standardized, 
and has a large bath, by. which the. oiP cam easily be kept at 
the required temperature. ‘The heating arrangements are 
superior to those of any other viscosimeter on the market. 

The Saybolt Universal Viscosimeter, Fig. 7, is made entirely 
of metal. The cylinder C which holds 83 c.c. (cubic centi- 
meters) of oil, is surrounded by a large bath B. The upper 
edge of the cylinder. is surrounded; by, a, gallery..G,,into which 
any, surplus oil; flows." At the,bottem: of the isylinder...is.,a 
jet J, through , which the, oil_flows. into. the receiving flask F, 
which holds 60.c. ¢: to. a, mark on. its:neck, ; The, jet. is, inclosed 
by, the tube; hy which extends. below, the} orifice ,ot the, jet, 
and into, the bottom. of. which, a cork L, with a string attached 


9 * 








130 LUBRICATION (AND “LUBRICANTS. 


‘is lightly. inserted;»s02a8:to, close the tube:,..The:bath isi pro- 
vided. with, stirrers.5;fitted wiith/a thermometer, for keeping 
the temperature ‘uniform. The bath, is. heated: by.'a: gas-ting 
barnes; 2; which! extends, around: ina circle wnder me viscous! or 
by a steam U-tube or by an electric attachment. Taino 
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OTS sake thé'testthe“oil cylinder’ is filled’ with’ the oif't 
be’tested; afl the bath ‘filled with water or oil which has been 
brought to ‘the’ required’ temperature. The ‘temperature ‘of 
the ‘oil’ being: tested is ad justed by regulating the temperature 
of! the’ bath.” A thermometer’ is used to’ stir the oil ‘in the 
‘eylinder, and when this oil is ‘at the’ correct temperature aiid 
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the: bath a. trifle: higher: in, temperature, ; the, thermometer. is 
withdrawn andthe gallery, emptied of, all|surplus; oil, by, means 
ofa pipette.::: ‘This insures a positive starting point, asthe, oil 
will exactly fill the cylinder. The flow of; the oil.is then started 
by- quickly pulling the string» which, withdraws;the cork 1 and 
at the same time a stop watch is started.and the. time,of the 
outflow: of 60-c.¢:: recorded:in, seconds; | /‘The;number,of, sec- 
ondsirequited for the 60 cic. of oi} toipass, through the’ orifice 
- findicates.the viscosity: of the oil... Ad, Saybolt instruments) are 
so standardizedithat 60.cic. of waterat ‘60 degrees F will flow 
out in: 80 seconds, and water accordingly: has:a: viscosity of :30. 
A: light-bodied spindle oil, the time of outflow of which is 75 

seconds at 100. degreesiF'., is:said to! have a: viscosity, of 75.at 
100 degrees F. A:heavy machine oil might, have}a, pases 
of, 500). or, even higher at.100, degrees: F..' ST 

Numerous attempts have been made to find the, saintient be 
tween \viscosities as determined by the Saybolt. Universal, Red- 
wood, Engler, and other: viscosimeters:)' The: difficulties. are 
almost: insurmountable, however, as: the: waannes instrusnents 
are standardized in entirely. different. ways... ; 

The: mistake: .is: frequently, made ‘ of thinking: nati rene oil 
heavy in gravity) is high, in: viseosity,;and-that anj-oil..which 
is light-in ‘gravity: is, of light/or, low/viscosity, |The: fallacy 
of this. idea becomes; apparent when, one: remembers: -that 
water) is at’ the:same: time; thinner in: body: and) hneavier: in 
weight than, any, mineral; lubricant.::/In.the:case of oils from 
the same.crude, the.,oil, heavier! in | body. would generally ‘be 
heavier in gravity, but between! oils tnanufactured..from-dif- 
ferent ¢crudes there i is no relation. song earner and weight 
or) gravity: : oft niwndiouber 6 aint ret 

‘The: saintiediaa at b which: the vrindocily testis made: is'a 
matter of the greatest importarice, as:alt oils lose viscosity with 
a rise.in temperature. ; The. temperatures: used! for the: Saybolt 
Universal are 210; degrees) F.: for! steam+-cylinder' oils, and.100 
degrees; F. for engine !and::machine- oils, and) as).a/:rule:'100 
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degrees’ FY for internal-combustion ‘lubricating oils. The tenr 
perature of the oil during the’ test must be:kept uniform, asva 
variation of ‘ore degree in temperature would ‘make'an appre- 
ciable: difference ifi’ the viscosity. Moreover, in réferring’ to 
the viscosity Gf’ any ‘oil the’ temperature at? whith the wasvgsd 
was taken ‘should be stated. «© 

In Gelectinig' an’ dil forany: particular purpose the vineliity 
‘should be determined iby’ the ‘conditions; under ‘which the oil 
is°to ‘betused: |. "The sputposelof lubrication is to'secureiand - 
maintain ‘a film: of Oil sufficient to°keep the ‘bearing ‘surfaces 
apart at: working: temperatures: ‘If/an oil used oon. a bearing 
is too'light in viscosity ‘at working temperature to sustain! the 
load it will permit metal ¢edntact, with a consequent bearing 
wear and loss: of' power: On‘ the: other hand, if an oib'which 
has too great body. ‘at-:working' temperature “is oused,’ there 
willbe unnecessary fluid friction, and ‘again there’ will be/loss 
of power,’ ‘The! ‘more~ viscous | the ‘ubricant, the greater the 
bearing préssurelWhich’ caw be'sustainéd; the viscosity of the 
lubricant ‘should; therefore, be’ in’ proportion to'the beating 
pressure. Heavy, slow-moving machinery ‘requires'‘an oil of 
high ‘viscosity; light, swiftly-moying! machinery ‘requires! just 
the! opposite. | Also; high! temperatute: conditions -require’an 
oil ‘f higher viscosity than ordinary conditions: Most ‘of 'the 
resistance ‘or lost’ power in .tutining’ machinery is caused by 
the internal! friction or the fluid ‘friction ofthe lubricant used. 
It is only occasionally; through the use-of an improper ‘oilor 
lack ‘of: feed of a proper oil; that onesie restr wear ori ae 
cones bearings: takes ‘place.’ ' 

‘\/Phe igeneral law governing iubirication 4s sodtiat within’ cer- 
tain limits a reduction in the viscosity of a lubricant will bring 
about! a: reduction in’ the ‘coefficient of) friction, or, in said 
‘words; 'a reduction in) frictional ‘heat and if lost power. | 

Carbon:++While ‘petroleumy or! any: petroleum) productis a - 
mixture of: hydrocarbons}: it: must’ be sremiembered that ‘the 
hydrocarbons: themselves:are-chentical compounds.. | The ‘cat- 
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bon. and hydrogen, are combined. chemically, in ; different, pro-, 
pertions to form entirely new and, different, substances. called 
hydrocarbons. To. say that-an, oil, contains, carbon. means, as 
much. as. to; say. that-a-piece; of chalkcontains carbon, or that 
water. contains hydrogen, gas: ,;To he! sure, .carbon) is one of; 
the chemical constituents, but it has absolutely lost its,iidentity,, 
and before. the, carbon ;can/be reclaimed. the, compound must 
be. decomposed or. broken.up, into its constituent. elements. 
When any. substance containing carbon, is. subjected, to; high 
temperature, without a free. supply of, air, the substance,may 
be. decomposed, If. so, the gaseous elements .are liberated jor 
combine. with other elements; to, form: new, compounds, and. a 
residue is left. which is. chiefly, carbon. ..In most instances, 
however, this would: not, be pure carbon, but would consist 
of various, other Substances. as. well. . Since this, decomposition: 
takes place to. a. greater. or less degree when.lubricating oils 
are subjected to certain conditions, the; question of the decom- 
position of hydrocarbons and the. deposit of carbon,as a; wearin 
is an important one,in the lubricating problem,, .).)\.... 
There is a popular, idea. that all. deposits from. a jubsicating 
oil are due. to. carbonization... This,;however, is, not.the case, 
as the deposits which are sometimes found in: bearings or oiling 
systems are due to ordinary; wear;,and.consist) of small pieces 
of metal due to metallic wear, or;iron: rust, combined. with. dust 
and. deposits, from) the. surrounding. air, and. do, not contain 
carbon, from. the oil unless the bearing, has burned. out... In. the 
case of steam cylinder lubrication the. deposits are due, rather 
to bojlerwater impurities. and: ,to.. small amounts. of aoe 
mostly from rust, which are bound together, by the oil. 
course of, time. this oil, partially, evaporates.,and. jest oe 
leaving a hard deposit which contains, only. a small amount; of. 
oil and a relatively small percentage of carbon. An.analysis 
of an averagé deposit from.a steam cylinder, might, show, that 


the residue contained 2 percent of unchanged:oil, 1. per centio£ 
decomposed. hydrocarbons, 7 per cent of carbonacequs matter 
































134 LUBRICATION AND LUBRICANTS. 


of ‘carbon, and 90 ‘per cént of ash, consisting’ of metallic’ stib- 
stances, rtist, dust, boiler impurities ‘and ditt: © soli 

While the ‘deposits found in‘ an 'internal-combustion engine 
até by nO‘ means ‘all carbon; ' still the percentage ‘of carbon’ iti 
the deposit! is large, and it is in this case that the question of 
carbon ‘deposits ‘is of the greatest importance. Any deposit 
in ‘the cylinder and on the top of the piston and on the valves 
causes a great amount’ of inconvenience and damage, and 
theréfore special stress is laid on the amount and nature of 
the carbon deposited in use for internal-combustion work. 

Water and Sediment—The presence of water in lubricat- 
ing oil is a matter that is often brought forcefully to the at- 
tention of those who handle petroleum products. The same 
may ‘be said with respect ‘to sediment. Not all of the impuri- 
ties in petroleum products, however, are included under this 
heading. Others’ may be dite to improper refining, or to im- 
proper or careless handling of the finished products, but their 
detection usually requires'a more exhaustive’ test or analysis 
than is possible without the use of a laboratory. 

Water ‘in’ any petroleum product may have come from 
various sotirces. It' may have been present when the oil was 
shipped by the manufacturer, it may have entered during tran- 
sit; ot it thay have’ éntéred at ‘the constimer’s plant. | Tt is 
almost invariably true that ‘refined petroleum products are free 
from’ water'when they ‘Jeave the réfinery. It is only the rarest 
éxcefition ‘thas proves thé ‘rile! “But when oné considers the 
handling ‘which the ‘finished ‘product ‘necessarily receives, the 
piping, storing and’ tratisportation, also that it is often neces- 
sary, in the case °of the heavier” products, such as cylinder 
stocks, to keep the same if ‘tanks where steam coils have been 
installed, it can’ be seni neue how easy it'is for water to be 
introduced. LAUT BD 

The charices 6f water being introduced into oif’at ‘the’ con- 
suniér’s ‘plant ate gréater than at’ the plants of the manufac- 
turef! Whenever water is found in lubricating oil at the con- 
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suffier’s plant, d>careful! examination of the conditions under 
which the oil is stored! or used:shoukdbe made in order to'des 
termine*its' source,’ A sample: of: at ‘least ‘one! gallon! ofthe 
water’ or mixture of water and: oil should be obtained,. and if 
any water! from a pipe or faticet could have leaked: into: the 
storage tank or’could have been in the oil can, a sample of 
this water should also be taken. The laboratory may then be 
able to determine whether the water in each case is from the 
same source. ‘Samples of’ the ‘oil! from: the original package 
should: also ‘be ‘secured if possible. Special care should be 
taken, ‘however, to prevent a sample being taken and placed 
in a bottle which is not perfectly cleanand dry. In obtaining 
samples from the packages, a glass tube or thief should be 
used. This'should be:carefully cleaned and dried before taking 
samples from the different packages or different grades ofoil, 
and should be cleaned after each ‘sample is taken. 

Many complaints concerning the presence of water in lubri- 
cating oils have: been’ investigated’ and in’ nearly every’ case 
the water ‘complained of was of ‘purely ‘local ‘origin,’ ‘and too 
much ‘care cannot be ‘taken by ‘those: inverested in es 
water getting into petroleum: products. | 

The question as'\to'the ‘source of’ sediment is not’ as easily 
answered'-as°that ‘concerning ‘water.’ ‘Sediment’ tay consist 
of almost ‘anything.’ When’ steel drums’ ate! used;"'a” small 
amount of white ‘sediment, due to the imperfect: galvanization 
of the ‘drums, ‘will sometimes ‘be! found!) In galvanizing’ the 
drurhs the’ interior! surface! is coated) with moltet zine.’ If this 
process is not perfect the zine coating will corrode, ‘an action 
similar to the:rusting'of iron: Iron gives a‘red or brown rust; 
however, while zinc gives a white powder’known’ aé'ziric white. 

In the!case‘of wooden barrels, the usual source of sediment 
isthe glue which: is ' used to ‘coat’ the’ inside of the barrel’ in 
order'to: make it oiltightio: When this glue has ‘Set’ itis’ very 
brittle, and: if'a heavy: sledge is used to'start the bing, there 
is always’ the: possibility ‘that-fine’ particles’ of the? glvé lining 
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willfall;into. the oil; | This:is:a trouble! which theconsumer 
may: easily avoid by seeing that barrels:of)oili of ariy ‘kind, 
especially lubricants, are not handled-too roughly. when: being 
opened., Sometimes) the!- bungs:.are : driven» in; and:cas- the 
bung) is madetapering, the outside: end, being: of larger dia- 
meter, often carriesoin chips and pieces lof: glue from around 
the inside: of the:bung hole. For: this .réasot bigs: should 
not be driven into|the barrel, but; the stave in: whichthe bung 
is. placed should be ‘lightly tapped) until-the bung is: loosened. 
Sometimes the barrel head js'bored with an auger ini order to 
insert, the faucet. . 1f,this;is;not done:in:a careful, manner 
chips «may fall .into,the oil) 1m.some :instances,| ywwhen oi is 
pumped.|from:‘the bung hole, waste, as\used.: to : wipe off, the 
pump when. it is removed,,and any oil slopped' around the bung 
holeiis also: wiped: off in this manner.;;, Small, particlesiof, waste 
are thus introduced ‘into the :barrel, and! subsequently; ai come 
plaint may, be, made, that the' oil, contained ; waste... Waste is 
never used in; barrel-filling houses, of| manufacturers, but, is 
used) quite, generally, in |the. engine room;,and therefore, waste 
found, in,oil.is evidence that the contamination: occurred after 
the oil reached the plant ofthe consumen.:All:lubricating-oils 
are. carefully strained), before,-being -barreled. and-every:ipre- 
caution is.taken.to' have them perfectly.clean: when,shipped. :.; 
In considering water .and.-sediment/ in lubricating: oil! it is 
necessary to. distinguish -clearly, between: impurities: found. i 
the unused. oil.and those taken up: in:use. |/iIn circulating or 
gravity-feed.. systems isupplying, oil. to :either; horizontal: of 
yertical,,engines,..a \certain' amount; of|;water-leaks from: the 
piston, rods! into, the circulating oil. 'Thisleakage!or conden; 
sation is,.at.times;.very, troublisome,, especially: where com: 
pounded. cylinder,..cils.are|used;: in :which, event: the!) small 
amount. of fixed . oil ;causes; the -citeulating| oil to: formi:an . 
emulsion with the water. :/ Experiments,have ‘alsa :proven that 
the various beiler, compounds «usedito- soften! the boiler. water 
sometimes, come; over -with, the\steam of water, inipriming: or 
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becauserof: foaming biilers. : These !comipounds: probably’ de- 
posit in; the cyliriders and: aréiafterwards-washed out through 
the stuffing :boxes: into the:circulating oil, ‘having avery: bad 
effect upon: the-oil, especially if it is mixed with water... Such 
conditions, of course, make it very difficult: for the oil:to»re- 
main in its original state and do its work properly. ‘Thi8’an’ 
be: remediéd; however,, by ‘seeing that the: stuffirig! ‘boxes’ ‘are 
tight, or by: fitting ‘upsan’ arrangement! to catch any" leaking 
water,sothat it will not get'into the circulating oil. 

In, a cireulating ssystem’ water or sediment snsiessiiie in 
use shotild be rernoved:by the filters! >However, inorder that 
these; impurities maybe removed’ from: the circulating’ oil it 
is necessary) to lave: circulating» system: sufficiently’ ‘large ‘to 
allow: time! for the water:and sediment to settle ‘out.’ In many 
instances the réasom: for the breakdown of an oil ina’ system 
isthe factithat4t/is' constantly circulated at: high ‘speed with 
water: and ‘dirt, the trouble beimg ‘due ‘to the’ size ‘atid saeigieal 
tion, of :the system:and not:to the oil) 2)'* 

. Frequently: deposits: found in' bearings are -attribiited | to 
impurities inthe unused: oil.''> An analysis of such a deposit 
reveals ‘the factithat itiis due to’ impurities accumulated in tse 
and. that these impurities are entirely foreign’ té‘ the oil'as re 
ceived from» the:manufacturer.:' These! deposits ¢orisist’ of 
small pieces of metal and dirt which have been collected by 
the oil in use. The oil acts as a binding or: collecting agent 
for all of the dirt around the plant, for impurities in the 
boiler water or waste, and the greatest care should be-exer- 
cised at_all times to prevent, to the greatest possible degree, the 
accumulation of water and sediment in lubricating oils. 

Emulsification - Tests—Emulsion tests are made on all 
straight mineral oils, except cylinder oils. Four emulsion runs 
are made, usually 40 c.c. of oil in each.case and 

(1) 40. c.c. of distilled water; 

(2). 40. c.c. of salt water; 

(8). 40. c.c. of normal caustic soda; 
(4) 40 c.c. of boiling distilled water. 
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» The 'mixture>is:stirred swith a paddle for:five minutes at 
1,500: revolutions: per’ minute; :the: mixture being» kept at. a 
temperature of 130 degrees F. during the: stirring.and while 
settling out. On oils sedi with forced; lubrication ‘or om ice 
machines the oil niust*completely settle out:in ‘less ‘than 30 
minutes. la Leatrs 

~In-concluding this treatise would say that the oil manufac- 
turers.are today handling the questiow of lubrication: on ‘the 
most scientific basis in the way of studying allnew devices for 
the efficient handling of lubricants in operation, and by prac- 
tical demonstrations this has been accomplished by means of 
a corps of,skilled engineers who are trained carefully: in the 
lubricating business in connection with the laboratory and re- 
finery, using in such demonstrations a number of delicate in- 
struments of all types of mechanism in’ actual service which 
proves, conclusively the results oftheir investigations. ‘The 
system. of ‘introducing and selling oils as:has' prevailed in the 
past is now becoming obsolete, and the:scientific method’ is 
being, employed... This can have no) other result than aiding 
in the progress of mechanical efficiency, lessening worry and 
labor, of the operating engineer; and giving: them subjects ‘to 
study.and improve.upon such as they have'in general’ mechari- 
cal development where quality is: the: first:consideration: / ‘°° 
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ENGINES, FOR CONVERSION OF, .ENERGY,, INTO 
USEFUL...WORK. 


By CoMMANDER J. O. Fister, U. S. Navy, MEMBER. 


Bacon in‘his “’ Novum Organum” states “ Man as a minister 
and interpreter of nature is limited in act and understanding 
by his observation of the order of nature,’ Neither his*knowl- 
edge nor his power extends further.” © In this statement Bacon 
recognizes limits: between ‘which man must’ work’ in under- 
standing the forces’ of nature and that his’ understanding is 
limited by his observations, es in turn, are limited Jteck his 
senses. 

Man, being a rational animal; ‘reasons end thinks): but his 
reason ‘and his thought /aré: applied to facts which he’ observes 
through ‘his senses: ; 

The engineer must recognize that’the acid test for any’ fact 
is'** Can this’ fatt*be' establishéd by experiment. to our senses! 23 
a demotistration which’ nature never * omits in the’ trial! of the 
completed machine. ; 

Mam observes’ the universe’ as bei space filled with facie 
and since it is matter’ or the (qualitiés of matter ‘which laffect 
mais ‘serises, the’ absence of ‘matter ‘catinot'be established’ ‘to 
his ‘senses’ (4. ‘¢.; that ‘Whilé man may aSsume’ that spacé ‘can 
exist- without matter, this is an assuitiption | ‘and fot'la fact): 
Man has inthe past assumed that a ‘perfect vacuum was possi- 
ble after’extracting! all matter fréfn space; only to find’ that 
with’ improved ‘apparatus and by other ‘aids which’ have’ been’ 
developed, it has ‘later ‘been established that the space Still con! 
taitied' matter’ in’ minute ‘quantity. Assumptions’ may ‘be’ ‘del 
sirable for! some ‘particular réason, but ‘when ‘reaching 'd' con- 
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clusion which involves their use it should never be forgotten - 
that such an assumptiom was made and affects. the conclusion 
reached. : 

Exactly ‘4s’ man cannot establish’ to ‘HiSsenses ‘the existence 
" of space Without mattér tieither ‘can ‘he establish to his senses 
the existence, of matter. without s ace, d since to his senses 
all space is fixed and invariable te accepts the Law ‘of Con- 
servation of Matter that “ the total quantity of matter in the 
universe is fixed and constant and matter cannot be created or 
destroyed’ as being a.rational nagelbsiew bated; -on. his, obser- 
vation, ; | 

In the study of physical: science! man; slain Soca it viiaesehing 
and desirable to measure portions’ of, mattersby, an operation 
which, he calls, weighing, and weight is.a measure: of the rela- 
tive force with, which any; portion of matter,at any position is 
attracted by that. portion of matter which we call the,earth, as. 
, compared to the force acting ona — volume of — 
matter at.a particular relative pasition,, 

The laws having to,do with this. sinnhien of one vameattans of: 
matter for another were discovered and enunciated, _ Asaae 
Newton, and are as. follows); 3<::6..05+ 

“1., Every, body, perseveres. in \its: state oti eh or ont moving 
uniformly.in.a straight, line except in; so, far as, it,.is: made to: 
change that state by external forces. aii 

2... Change of motion is.proportional to, iraipriends sence ed 
takes, place in the direction ji in which: the, forces,act. ;; 
_,/3;,.Reaction is always,equal.and, opposite. to !action——that is 
to, say, the action, of two bodies upon Ragh mane s is ee — 
and, in opposite. directions. - 2 

The Jaw of, the conservation, of matter. pe Newton’ si laws. 
are inseparably connected and: it, 4s; through, the recognition of! 
this conservation, law,.that most new elements. of .matter: have 
been, discovered. .;; That | is,. if\,a..certain, quantity’ of» qatter 
undergoes several changes in, structure, the quantity of: matten 
remaining shouldequal, the quantity, /of; original. matter ‘ised 
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in the! operations. After several opetations and identification 
of different portions of matter in'their final form as/belonging 
to certain’ known! substances, matter ‘has ‘been found tobe 
missing of preserit in excess, and in-identifying this-missing or 
excess quantity the new elements ‘have been ‘discovered.“\\\'' 

A: little consideration ‘and ‘thought given to the above shows 
that while weconsider’ the:law°of the conservation of matter 
as established ‘we apply’ this' law by: measuring: relative forces, 
and in’ reality we distinguish between the different elements of 
rhatter ‘by their! specific 'gravity, ‘which’ is ‘a: measure’ of: the 
force of ‘gravity per unit'of space occupied’ by particular! mat- 
ter; and itis ‘rational to regard’ the universe! as made up -of 
different concentrations of force, or,'as we seeks at? pas = 
time;-of different ‘kinds’ of matter. «, 

Faraday in discussing this ~wrote’ a»long diseeridn which 
he'‘delivered) before’ the *Philosophical-"Society” called" The 
Coriservation*6f!'Force,’ in ‘which hé' showed’ that the ¢on- 
servation of force and|the conservation of matter were one and 
the same (i/i2:;; forte’could not be'separated from matter and 
matter could not ‘be separated ‘from force); and>if the law of 
the! conservation of matter! ‘was ‘true it must” follow: that) bea 
law ‘of conservation ‘of foree*is true: 

‘Faraday also delivered ‘lectures ori “The Forces of Natiire? 
in “which *he'| demonstrated ‘‘by'' experiment | how ‘forces, 
although differing in their characteristics (7. \¢., effeet“on' tit 
senses}; could»be converted: one into the other: The forces 
enumerated ‘by/him! were gravity; gravitation, cohesion, chem 
ical, affinity,’ heat; magnetism and electricity; and the thought 
arises ‘that the different characteristics’ of: these: forees* may 
- rest! in‘our means ‘of observing thent and ‘is not’ a’ real differ 
ence'\(i. ¢.; wevobserve’ different: forces with’ different senses, 
and as they»dré recognized by’ theif effect’on one senise or’ the 
other we give them different names). A DRY~Ove 

It is conceivable that there is an ultimate element Of Matter 
of which iwhat‘we-callelenients at 'theprésent time ‘are com- 


beecorh¥etsr ~Aticrn to eofTete! 
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posed, ‘andthe delay .in:the discovery. -of this ultimate, element 
is due tothe handicap iof our; senses, and it,is also conceivable 
that the different forces:of mature are teally combinations or 
derivations -of; on¢ ultimate force, which in different. combina- 
tions. is: recognized, as a/different:force by our senses.) 2.0575 

Prior toithe development of the!science:of.chemistry: and to 
the recognition: of, the law: of,conservation of: matter, new dis- 
coveries, wete:haphazard and their; ¢stablishment-on: the: firm 
foundation of-experimental, fact! was dowbtful.,, -With: the|de- 
velopment: of, standards; for determining,.their characteristics 
andthe recognition of; the law:of conservation of. matter,new 
discoveries; established:.on;.a firm. foundation: of dengictinaea) 
fact. have continued to-make their|appearance; :: ., 

Faraday in summing up in his:l¢cture:on: ‘The Conservas 
tion of -Foree’’ states /as. follows:id) wcieen 

“ Just..as; the chernist. owes. all the actin of his. bienot 
to his,,dleperidence on the certainty of.gravitation applied: by 
the balance, so may the physical philosopher expect to find, the 
greatest security and the-utmost aid in. the! principle of the 
conservation; of force.,; Alk.that we:have-that is.good and safe, 
as the steam-engine; the electric telegraph, etc; witness to that 
principle. It would require. a:péerpetualimotion;,a:fire ‘without 
heat; heat. without..a | source,.,action! without reaction, .catuse 
without effect, oreffect, without a.cause,: to serine it from if its 
rank, as.a,law of nature.” 

Joule, in establishing the sesiiinal nalilant of heat en- 
ergy, and other discoverers.and experimenters ‘who ‘/have estab- 
lished, units for.conversion of energy: measurements, ‘have: pro- 
ceeded, along, the; same lines, as regards, force in! combination 
with; matter, and all their discoveries-are based upon the Law - 
of the Conservation,of -Energy;, that! “the, quantity of energy 
in the universe, is, constant and, enesey cannot: ibe, created or 
destroyed.” i rottib 4 


Therefore since . | 99119 24 2 
(a), Man cannot: ‘establish to: his senses) the. dtistaithe ‘of 
space without matter, or the existence of matter without space. 
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.(b )oNeither sean! man, establish: to: his: senses the, existence 
bod: matter: without ‘force; or-the existence: iof, fence: without 
matter and, 

In the same manner of fa mT Pi man sey 
action and reaction, cause :and-effeet,:motion and, position, ‘and 
in allicases:his observations cover .an: interval |ofi:time.;;;Man 
can assume the interval of tinie\ tobe infinitely small, but, the 
elimination of that interval is impossible. , Therefore we shay 
conclude that— sya 

(¢):Man: cannot establish :to: his ,senses the, existence of 
action without time.on the existence:of time without action. 

From (a) is:derived the: LAW: OF; CONSERVATION, OF 
MATTER or-space that“ THE QUANTITY OF MATTER 
OR-SPACE:IN ‘THE! UNIVERSE IS: CONSTANT) AND 
IT, CANNOT: BE CREATED OR. DESTROYED.” 

From .(b)»isiderived ithe LAW, OF .THE.CONSERVA-+ 
TION OF ENERGY, (space plus force), that; THE, QUAN- 
TITY, OF: ENERGY IN THE UNIVERSE.1S: CONSTANT 
AND IT CANNOT BE CREATED OR: DESTROYED,” 
From {e) ois) derived, the: LAW OF THE CONSERVA- 
TION OF: POWER: (space plas force:plus'time) that “THE 
QUANTITY OF, POWER. IN, THE; UNIVERSE IS:QON+ 
STANT AND IT CANNOT BE CEPATED OR DE- 
‘STROYED(~’, 

"These: CONSERVATION LAWS ¢ PRICE the basis ; for 
all, investigations of, the forces of.nature.and their use for, the 
benefit, of| mankind and. on, them is; crtcted Woe eating structure 
of Engineering. rote 2997 

Therefore to our observation ‘the universe: sinsitis of: dake, 
force and time, and from the arbitrary limits imposed by our 
senses, we have derived and’ accept the CONSERVATION 
LAWS enumerated above. 

To assist in'tational discussion: definition ‘of terms is — 
sary and the following: are submitted : vp TsIHST 

Matter’ may be‘ defined as sensible’ space. 
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Force may be defined as a tendency ‘to change sensible space 
(4. ¢., matter), its motion, »position;» volume; ‘structure — 
force as contained in relative noanowes 

Energy is space plus forces’ 

‘Power is space plus force sihosith time. | 19059 rons 

Fundamentally ‘we ‘have ‘only three rindeisoniaiatents in »the 
universe: Force, Space and Time. 

In Engineering we have" 

Force. 

Energy or work (whose factors‘are force: ies space). 

Power (whose ‘factors°are- force, space:and time). : 
‘(Inthe ‘study! of Engineering and the conversion of: ently’ 
into useful work by méans of an ‘engine; 'it‘is:desirable that we 
consider energy arid not force.’ Tf’a chemist were to consider 
only one element and neglect the different combinations with 
the other elenients, he would naturally get: into‘error. «Inthe 
sameway an engiriéer>in considering only’ one of the forces 
acting to produce. certain poppet and ay ed ‘the isthidrs} is 
sure to get into error) © | 

An instance of this'in the’ study of teat engines and the 
science of thermodynamics is Carnot’s heat engine! from which 
he‘ derives ‘the “ pupeoes en which’ was written —_ 
years ago. ‘| 

The following Sevicigtton of Carnot’ s heat ig ‘end its 
method ‘of''operation is ‘taken’ from the “’ Encyclopedia’ Bri- 
tannica”and the notes and comment are made in'an endeavor 
to point out’ the errors in reasoning and fact’ and ‘the neglect 
of forces other than heat which taalce the conciusions reached 
of anena cane 


CARNOT’S HEAT ENGINE: 


I, Carnot:,,On the| Motive, Power, of; Heat-—A: practical 
and theoretical question: of) the greatest importance was first 
answered by Sadi Carnot about this 'time,in- his ‘(Reflections 
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on the Motive Power of: Heat’? )(1824). : How*much ‘motive 
power! (defined by Carnot as weight! lifted through acertain 
height) ° can ‘be cobtained) from -heatalone byomeans of//an 
engine repeating» a regular succession or “i cycle’ of operations 
continuously ?v Is the efficiency limited, ‘and, if's0) how is ‘it 
limited?: ‘Are other agents preferable to steam: for ee 
thotive power from heat? | >: on 

If. ‘Carnot ‘points’ out? that>in! eae to: eibtain afi answer to 

this question; itis necessary to consider the essential conditions 

of the process; apart ;frorh ‘the mechanism of: the engine and 
the ‘working isnbstance or! agent employed) '° Work cannot 'be 
said to be produced from heat alone unless nothing but heat is 
supplied; andthe working; substance and all parts oPthe engine 
are: at theénd of — gf cegenowne erway _— same: state! _ 
the beginning, '!i0o'! 91!) coe )eni 

‘Note.Fo: et this paragraph more: vlefinite! it? indaahive be 
added:*‘And ‘in equilibrium’ as ‘regards! temperature; — 
etc./:and at restj++ (i ie., no unbalanced forces)? oe 

IIL): Carnot's‘Axiom. -oRainet here, and throughout his ‘rea- 
soning, makes'4 fundamental assumption, which'he ‘states as 
follows >: iWheh'a body has undergone any changes'and after 
a'certain: number of transformations is brought back identi- 
cally :té its original state, considered’ relatively to-density, tem- 
perature and. mode ‘of aggregation; it' must contain the: same 
quantity of heat’ as it contained “originally.” ">: 
': Note/+-Provided this axiom ‘is ‘correct: it must 'also'be trive 
that “iwhen:@ body has undergone any: changés'in State, con- 
sidered relatively to density and mode of aggregation at ‘a con- 
stant' temperature; ‘it must contain’ a (quantity ‘of heat! ‘Gifferitig 
from the quaiitity ‘of heat ‘it contained originally." ("9 

(TVic Heat; saccording’ to’ Carnot,’ itt the’ type of engine we 
are considering, car evidently be a causé of motive power orily 
by virtué of changes of volume or! form produced’ by alternate 
heating and cooling: » This ‘involves:the existence of Cold and 
hot: bodies: to ‘act! as' boiler and ‘condenser, or source arid’ sink 


Io 
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of:heat,respectively.. Wherever there exists a difference of 
temperature it:is possible to: have the: production’-of motive 
power from heat; and conversely, production of motive power; 
from:heat aloiie} is impossible without; difference of tempera- 
ture. .In other’ words the production of motive power, from 
heat is not mérely a-question of the consumption’ of heat, but 
always requires transference of heat from hot ‘to-cold., What; 
then, are; the conditions: which; enable the difference of tem- 
perature to’ be most advantageously employed in:the production 
of motive power, and how much motive power can be: obtained 
with a given difference of temperature from-a given quantity 
of heat? . boon 

Note.-+-Changes of volume accompany changes in heat con- 
tent,: but all.changes of volume: are not caused by heating: and 
cooling. In some cases, for instagce, the heating and cooling 
are the result of changes in volume. The necessity for the 
existence of cold and: hot bodies is:not clear. If we assume 
compressed air at-a pressure greater than atmosphere anda 
temperature equal to. T, that volume of, air ‘will. expand! (lin- 
crease in volume) against, the pressure of the atmosphere, 
doing work, and its temperatire will fall. .1f kept in contact 
with a source of. heat at-the temperature T its: temperature 
will. reniain’ constant, and! in. this particular ¢ase we havea 
change of volume with no heating and no cooling, and a trans- 
fer of heat energy to'the:-working substance: which does’ work 
by. virtue. ‘of, its, original internal energy, utilizing the’ heat 
received in maintaining its temperature.;,' This' change in vol- 
ume is accompanied by..a, corresponding conversion.\of energy 
into work, the: energy, supplied; by, operating, substance! being 
made up by heat from, the source \of heat and the: flow from 
the source to the, operating substance. being-,caused! by/ the 
difference, in temperature, This phenomena is one that can be 
verified by experiment, and. it seems, to nullify nearly: every 
statement jin the preceding paragraph, being. at constant: tem- 
perature, except that the compressed air.during expansion and 
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while in-contact with the source of heat will be at’a'lower tem- 
perature: than the: source:of heat, ‘but this difference>i in tem- 
peace can be assumed ds.infinitely:small. 109 9) 60 

+N} Carnot’s' Rule for Maxiinum Effect:—In order to yenline 
the: maximum effect, it is necessary ‘that, ‘in: the process:em- 
ployed,: there! should: not ‘be any: direct : interchange: of heat 
between bodies at different temperatures. « Direct transference 
of heat by conduction or radiation between bodies 'at difference 
temperatures is equivalent to wasting’ a’ difference of tempera- 
ture which might have been) utilized to: produce motive ‘power. 
The working substance ‘must throughout every stage of ‘the 
process’ be in equilibrium with itself (¥./e., at-aniform tempera- 
ture dnd-pressure):'and also with external »bodies,: such ‘as ‘the 
boiler and condenser, at stich times:as’ it is put'in communica- 
tion’ with ‘them: In: the ‘actual: engine there: is: always some 
interchange’ of heat between the steam and the cylinder, and 
some loss of heat to:external'bodies,'' ‘There may’also be some 
difference of : temperature ‘between the boiler steam and the 
cylinder’ on admission, or' between: the ‘waste steam and ‘the 
condenser at/-release.’ ‘These differences represent losses’ of 
efficiency which may be reduced indefinitely, ‘atleast’ in 'imag- 
ination;'by-suitable means, and designers ‘had. even at‘that' date 
been very: successfulin: reducing ‘them: All such losses are 
supposedto be absent in deducing the ideal limit of: eo 
beyond which it :would be impossible'to go: 

Note.—Why is direct transferefice of heat by’ candies 
or radiation’ between bodies at'different temperatures equiva- 
lent to wasting’ a difference’ of temperature which might’ have 
been utilized to: produce motive! power?’ It has ‘not! been ‘dem- 
onstrated that temperature’ or difference’ ‘in ‘temperature’ pro- 
duces motive power:'| Temperature is 'a measure of rélative 
intensity of theat force and indicates the’ ‘relative! intetisity of 
this force in different matter; and‘as ‘such’ indicates the’ possi- 
bility or impossibility ofthe transfer of tieat. Inthe preceding 
paragraph the statement is made: that production of motive 
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power from: heat alone is impossible without difference in tem- 
perature.) *,.-™)*.. andsalways requires transference, of; heat 
from hot to cold. In:this paragraph it)is;stated that in order 
to realize the: maximum ‘effect there /should not: be any) direct 
interchange of| heat between bodies -at: different: temperatures. 
This is, aomost»ridiculousi form: of ‘reasoning.:|- First, the, fact 
is stated:,(4,; e., that a difference in temperature is necessary to 
transfer heat), and next a goali (%..¢.; transfer of; heat without 
difference. of temperature: :to : prevent,|waste) -is. established; 
which involves the! destruction ‘of the-previous fact. ; It is cer- 
tainly, “.reductio, ad :absurdum’’ jto establish |a. fact that heat 
cannot: be: transferred without-a difference iii: temperature-and 
then to indicate the! possibility of developing a more efficient 
heat; engine :provided)' this. demonstrable: fact! ds, eliminated. 
All of which goes hand,in. hand: with the assumption that tem- 
perature can be: utilized:to, produce motive power which under 
ordinary conception of temperature:is,as.impossible, as it' is for 
velocity, or:pressure.of position to, produce motive power.: The 
assumption,and statement that aidifference ofi temperature: rep- 
resents.ai loss, of efficiency, isthe answer to the question we are 
investigating, land trying: to; establish: by: reasoning om fact. |» 
VI;,,Carnot's Description -of His Ideal Cycle:+-Carnot first 
gives.a-rough jillustration.of an-incomplete icycle, using steam 
much in)the same way, ias:it is employed in.an; ordinary-steam 
engine. After expansion. \down):to .condenser :pressure: the 
steam jis, completely condensed: to, water, and: is then returned 
as,cold water. tothe hot,boiler;,, He. points out’ that: the:last 
step does not conform exactly: to, the: condition:he:Jaid down; 
because, although,the water, is; restored to:its initial state; there 
is direct, passage of heat froma hot:body to:a:cold: body: in'the 
last, process..,, He points out that.this difficulty. might be over- 
come by supposing, the difference: of, temperature small, and by 
employing a, series: of, engines; each working: through»a small 
range, to, cover|a finite jinterval, of. ternperatiste., Having’ és+ 
“tablished the general, notions-of,a perfect:eycle, he proceeds ta 
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give amore exact illustration, employing:a gas‘as! the working 
substanice..>) He: takes! asthe: basis; of |his demonstration ‘the 
well-established experimental fact: that.a ‘gas is heated ‘by rapid 
compression and ‘cooled by :rapid expansion,»and'that if»com- 
pressed or expanded slowly in! contact: with conducting: bodies, 
the gas will give out) heat: in compression: or) absorb heat ‘in 
expansion:-while its temperature remains constant. |-He: then 
goes on to say—+(par. VII below) oft 

Note.—In ‘his ‘rough illustration of: an itil ise 
using steam, Carnot fails to: show’ how any reduction in pres- 
sure of the steam:in the cylinder takes place or’ how ‘expansion 
can take’ place except against: a lower’ pressure in condenser; 
both questions: being neglected; «Having'a constant’ pressure 
on his piston, the expansion’ of steami'at ¢onstant-temperature 
against a constant :pressuterdoes ‘work at‘coristant: pressure and 
constant temperature. > ‘After: reaching: ‘point, however, ‘at 
which: all water is Steam at atmospheric pressure; further ex- 
pansion cannot, take »place -unless: the: pressures: on opposite 
sides of the piston are unbalanced.' If the pressure outside is 
decreased: | further expansion,’ is possible, | but :that» in itself 
involves.an expenditure of ‘power. If: the pressure inside the 
cylinder’ (1; ¢., operating substance) ‘is; decreased! slightly’ the 
pressure on the outside of the piston would operate to compress 
the operating substance, and this compression can take place at 
constant temperature and constant pressure, approximately ‘at 
exactly the same pressure and temperature at ‘which ‘the ex~ 
pansion took place... In -this.caseino useful wotk-is:done} and 
this is what Carnot has established. as: thegeneral:notion ofa 
perfect, cycle, admitting: that: whem the: steam passes: into ‘the 
condenser, this step having to do, with the: transfer ofiheat, does 
not. conform to.-his, requirements: as, regards: the -heat ‘cycle. 
He neglects/all mention -of :pressute: which: is: the operating 
force generated. by. the heat change and! which, by establishing 
unbalanced forces acting,on the piston, isthe indirect means by 
which. the heat; transferred-to:the'watet) converting: “it into 
steam, does work. 
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In the last: statement: in this» paragraph ‘the fact is: omitted 
that the expansion and contraction ofthe gas takes place: by 
Virtue" of! the pressure -whith it ‘exerts ora pressure which is 
exerted on it} the originjof which is neglected: ‘Heat given 
out in compression ‘is generated: by the work of ‘compression 
which ‘is: obtained: from’some external store of work; and the 
heat which is absorbed by the gas in'expansion teplaces internal 
energy contained originally by the gas which has been con- 
verted into: work during expansion!’ Tio make ‘an incomplete 
statement of facts observed in‘: any phenomena and to draw 
general conclusions: therefrom is! most dangerous to airy inves- 
tigation of physical truths. For instance, we know that air is 
supplied, to: a: furnacé: forthe generation of heat,’ but to draw 
the inference’ from this that heat is ‘produced by supplying’ air 
toa furnace is so obvionsly:an incomplete statement of fact that 
few people would make:this error)! ' The introduction of ‘air'to 
the furnace is:an accompanying iciréumstafice to the introduc- 
tion of coal and: fire; and ‘both! are -as:inecessary as the'air‘in 
generating ‘heat:And we know'that’a gas will'give'out heat 
in» compression ‘arid absorb heat !in “expansion! while its: tem- 
peratare remains: constant, but-itccan only! be compressed by 
work expended: in compressing it and the’ giving. out of ‘heat itv 
compression ‘while its! temperature ‘remains vonstant is caused 
by the wotk expended:injcompréssing it." The'loss 6f heat in 
compression at constant temperature isa’ result or ‘effect’ and 
not artause:!//Of course -aidecrease in’ volume! rcottipression 
¢ouldsbe caused by & loss of'temperature, which is'also ‘loss 6f 
heat, but'that:a gas: will give otit'heat in eémpressiott or absorb 
heat im‘ expansion at: constant ‘temperature’ iinplies ‘work! tes 
eeived’ from or delivered tb ‘some store of ‘work. ‘No transfer 
of ‘heat at'constarit' temperature*during compression or ‘expan- 
sion ican take 'place through a transfer of heat Otily,; and work 
expéndéd' or supplied should be mentioned ‘in any ‘statement ‘of 
fatts' having to do: with this ‘opetation;t!98 29070! Neos odin 
In paragtaph VI Cartnot’s dlustratiot? of ‘an’ incomplete cycle 
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uses steam as the operating substance. | In the latter part: of 
the same paragraph he refers toa cycle using gas as the work- 
ing substance:): In paragraph’ VII he uses) atmospheric - air 
ericlosed:in 4:cylinder as the operating substance. The analogy 
between the steam engine and Carnot’s original statement (see 
paragraph I). that: heat only shall. be stspplied ‘is. not definite, 
and there is this difference between: his: statement of :condi- 
tions in paragraph VII and his illustration of the cycle using 
steam in paragraph VI. Ina steam engine the steam is added 
at a certain temperature and pressure to the cylinder, the mass 
of steam: is increased during the addition of energy, whereas 
in the air: engine the mass of the air in the cylinder, as per 
paragraph ‘VHl;-is constant and the specific heat! (i. ¢., heat per 
unit mass) increases, ‘otherwise’ there would ‘be no additional 
heat. In other words} \in».a steam: engine the mass of ‘the 
operating substance is increased during the* period that heat 
(4. é.; heat energy ) is being: added, and it:is. perfectly clear that 
the “heat” which Carnot-refers to in'his: steam-engine and ‘in 
his air engine, per paragtaphVII,-are not one and the:same. 
Ini one:case: the heat and its carrier,.the: operating ‘substance, 
are added te’ the: cylirider contents at ithe same timei’- In the 
other case: the! heat ‘only: is separated: from its source ped: is 
added to the-operating substance. btn 

Inthe steam engine heat ‘may belleodisidieced: as energy, as it 
consists not only of! heat’ but mags. In) the air engine~heat 
is a quality. of matter,-which is subtracted: from: the source! ‘A 

_and ‘added: to:the: operating substance. In this! case: heat is 
force, and its transfer is a transfer of force and not energy; 
In: the steamengine: the: nee _ _ seen in: ‘asa Laer 
case itis foree onlysi) 2:1) 1) eis) 

By’ transfer of «mass as ina»steam engine smesics can we! dee 
at variable mass;‘at constant temperature and constant; pressure 
which is at CONSTANT SPECIFIC HEAT” ¢is4,iheat-per 
unit mass} whereas inthe air engine work can be done ‘at:con- 

~ $tant/mass; constant temperature:and variable! pressure which 


* 
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is at VARIABLE SPECIFIC, HEAT:.(i. 2; heat per unit 
mass).»‘Attention:is invited to the fact: that in. the following 
illustration of the operation of these engines: Carnot. uses heat: 
(1)' as being an intangible ‘quality: of «matter ‘which’ can: be 
transferred from the source A to the operating substance, and : 
(2) that this intangible quality: of matter’ is transferred from 
the source to the operating substance and is the transfer of an 
intangible quality of matter and not a transfer of operating 
substance, (4.'¢., a transfer of force and not-energy)..: © ~ 

VIL. “ This preliminary notion being settled, let us imagine - 
an. elastic fluid, atmospheric air for: example, enclosed. in ‘a 
cylinder abcd; Fig: 1, fitted with a movable: diaphragm or 'pis- 
ton cd, Let there’ also. be two bodies :A, B, each’ maintained 
at a, constant temperature; that.of Ay being more elevated than 
that of B,.;Letius now: sgee the — series of Spare 
tions to'be performed: , 

Note.—In this» oubieiesk of! sieimeiiliciie lesutieg the en- 
gine no mention.is made ‘of! the piston being: in equilibrium: 
So far.as the statement itself goes the piston can’ be moving 
or in equilibrium, or at rest held.in position against some force 
or pressure of the air in the cylinder (4: ¢., in his description 
of the operation of the engine the detailed ew egies on: 
‘are not complete). 

“1, Contact of the body ‘A with the air souiainedi in the 
space abcd, or with the bottom of the cylinder, which we will 
suppose to transmit! heat easily. “The air. is now atthe tem- 
perature of the body A, and:cd is the — — of ie 
piston. bits 

“2. The piston is eriibenti: redaed, fond taliehcberpedieion of 
The air remains in contact with the body’ A, and is thereby 
maintained at a..constant: temperature. during. the: expansion. , 
The body ‘A: eet namaclaeeamaten Sete nym rp i 
stancy.of temperature.” ©) | ia TZ Y hier deidy 


- Note>+-What raises : thenipiataed : Is: ihithesesiemaliasallsth | 


air? and if so; how can the air:expand when itis at constant re 














CONVERSION; .OF “ENERGY: INTO | USEFUL); WORK, 153 


temperature, except: by: virtue. of pressure? | That>is,| the,.ex- 
pansion takes. place.not,by virtue of, the heat received, from the 
_ source, but, by, yistue of the pressure ofthe air;,and:as ithe, air 
expands its temperature. decreases, and absorbs heat from the 
source.A, and. in that. way; the air. is| maintained . at ry eqnstant 
temperature during the expansion...) ::; 

“3, The.body.A. is removed, and the, air no. et mart heing in in 
contact with,any body. capable; of. givimg it. heat, the |piston 
continues nevertheless to/rise,.and passes, from the, positios! ef 
to. gh....The air expands, without, receiving. heat, and. its.|tem+ 
perature, falls. ; Let us,imagine. that it falls wntal .it:.is,just 
equal. to: that of the body; Bo; At -this, moment; lata ii is 
stopped.and, occupies the position gh... 

-: Note.r-What makes, the piston ceidiiias tad rise tenets pres- 
sure, andthe pressure, as we have seen; was not derived, from 
the source; of} heat, but, was. contained! in: the, air, at; starting: 
Until the, body, A, was. removed the,temperature of, the,air had 
not changed, andconsequently, it could, not, have had. its prés- 
sure increased due to ati increase.in,temperature...It could and 
probably, did; .however, .have, its: pressure. decreased, by an in- 
crease,of volume at.constant.temperature. .,,/The air, expands; 
but. it can. only, expand, when the pressure on, opposite sides.of 
the; piston is. unbalanced.) However, | after. expanding,.to,.a 
point at which its temperature. is, just equal tothe body, B,.we 
can assume..that, the. pressure on opposite, sides ag the, wie 
is equal...) iia oy 

lf the. The er Sa ese tngeri jee 
pressed: by. the, return of the piston, which is) brought, from. the 
position gh to the position cd. The air remains meanwhile. at 
a,constant. temperature, because, cinerea the body B 
to, which it, gives up its heat? c..ijieoq. o1lt terort, eerasior noleig 

Note.—What returns the piston?, The in will, Jose. aluea 
to, the, body, Band, the piston will not -moye jexcept .amder the 
action of)forge, and any heatjthat is transferred. to, the-bedy..B 
must come from some source.’ It can’t be createdby the air+- 
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it can’t be created by the engine—it ‘can only be created by the 
expénditure ‘of mechanical: energy ‘in compressing’ the ait 
through pressure exerted on the piston. In other words, ‘dur- 
ing this operation the original limitation’ that ‘heat ‘alone ‘shall 
be supplied ‘to the engine hasbeen violated unless it'is assumed 
that the work used in compression’ is derived from the work 
done in ‘expansion, in which ‘case a liberal interpretation would 
concede’'that heat only had been‘received from ‘an outside 
source'and part of the work done by this heat during expansion 
had been used during compression in the cycle of operations. 
To'receive heat from an externalsource ‘at'a high temperature 
to do work and then to use some-of ‘that work to deliver heat 
to a sink at a lower temperature ‘does not appear to tite at’ ¢ffi- 
cient operation; but rather as progressing backward; in that an 
engine is ‘used'to transfer heat from a source’at°ahigh tem- 
perature toa sink at 'a lower ternperature when by placing the 
two in contact it couldibe transferred much quicker,’ and more 
efficiently and‘without'using°ah eigine, ’ Whabi is the sia 
advantage ‘derived’ from the ‘operation? 
5) "The body Bis removed; ‘arid the setpiisseibn ‘the ‘air 
is continued. The air ‘being’ now ‘isolated, rises'in tempera- 
ture?’ The cotipréssion is’ ‘contitived until the ait has ‘acquited 
the tetaperature of the body’ A: The piston passes peewitte 
from the position cd'to the position iki") 8 0. 

ONote# The compression of the air in this! lopetitie involves 
a further drain on our store of work which we obtained ‘diiting 
expansion. | This ‘differs ‘ftom sit+paragtaph 4 in that all the 
workiis' dcttvere to the air and is not’ delivered'as' heat ¢ to’ some 
outside’ sitik.' aris oT chs fromieay ant of 
| £6."Phe ait is isonet in contact with: the boily' A, ‘and the 
piston returns from the poston ik‘to'the Lasagne’ ft the tem- 
perature remaining invariable. © (08!) 1! 


7? "She ‘period “described ‘under’'(8)) 4s) depent ther ‘sue: 
cessively the périods (4), (5); ey; (ays (a); 593(8) 5"(89; 
(4), (8), (6); atid soon) 
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* During ‘these: operations the air enclosed in: the: ‘cylinder 
exerts an:effort more or'less great‘on the'piston.) ‘The pressure 
ofthe air varies both on! a¢countiof ‘changes of volume and: on 
account-of changes of temperature ; but it ‘should ‘be observed 
that for equal volumes, that is \to-say, ‘for like.positions of the 
piston, the temperature is higher during the dilation than the 
compression.’ Since the. pressure-is greater during the expan- 
sion; the quantity of motive power produced by the dilatation 
is greater than: that consumed: by the compression.’ We) shall 
thus obtain a balance of motive power, which may be:employed 
for any purpose. »The air has served 'as working: substance ih 
a ‘heat engine; it has also ‘been employed in the most advan- 
tageous manner possible; since no:useless: re-establishment: of 
the equilibrium of heat has been-allowed to occur.” y ««\ 

“Note:+-Statements:in this paragraph:seem plausible, but thie 
statement that the temperature! is higher) during the: dilation 
than the compression is ‘one which rests upon ‘the assumption 
that ‘expansion of: dilation at:constant :temperature.through>the 
addition ‘of ‘heat: only :is:a; possible! physical operation: «: While 
as amassumption thereare no objections: to this;»to!draw'a 
conclusion ‘that.a'result is true which depends:upon 'thetruth of 
this assumption is not justified. The same comment applies 
to the: statement»‘{:Since: the pressure lis greater during the ex- 
pansion, ete,” iy Bhege ds ‘no ‘experiment: which has: ever:been 
made which’ will establish the. fact that the pressure during: the 
expansion of‘a-given volume:and: mass of gas: betweemscertain 
temperature ‘and: volume: limits: isugreater than! the |‘ pressure 
during compression ‘ofthe same volume: and mass df»gas be- 
tween the same temperature! and:volume: limits, provided that 
after“expansion ‘and: compression: the: body:(is: brought: back 
identically to its original ‘state; considered; relative to»density; 
temperature ‘and:mode of aggregation. |) ‘The statement-t 
balance of motive power has been obtained’?:may-or may not:be 

rue:>It-hasccertaitily not; been! demonstrated! : ‘The furthes 
statement. that:no -useless re-establishment ofthe equilibrium 
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of heat-has been!allowed to: wortk is not:clear.-»dn the: process 
heat-has been transferred froma source at high temperature 
to a)sink at a lower temperature.:,. Whether.or not this is‘em- 
ploying heat |“‘.in:'the most advantageous manner‘ — i 
a heat engine is, to say the least; doubtful:: 

VEEL. “All the-operations above! described may. be: sneeathd 
in thereverse order.and direction: Let! us»iniagine that after 
the ‘sixth period, that’ is:toisay;:when the piston ‘has reached 
the position ef, we make it: return to the position:#k; and that at 
the same time we keep the air:in contact with:the hot body A; 
the heat furnished by this body during the sixth period: will 
return to its:source, that is, to the body: A,:and everything will 
be as it was at the end-of the fifth period. df now we remove 
the body A;:and if we make:the' piston: move from! ik: to cd; 
the temperature, of) the air: will -décrease by just as many 
degrees as it increased during the fifth period, and ‘will: become 
that«of: the body: B.; We: can:evidently continue:in. this way 
a series: of ‘operations the exact reverse of those which were 
previously described, it suffices. to place oneself :in. the same 
circumstances and’ to execute for each»period aimovement of 
expansion in place of a'movement of compression; and vice 
versa, 

IX. “The! result of the: first: series» of operations: was the 
production: of 4>certaim quantity -of : motive' power, and. the 
transport of heat from: the body: A:to:the body! B; the result of 
the ‘reverse operations is the: consumption of the:motive power 
produced in the first case; and the return of heat: from the body 
B:to the body A, Ree teen cya ete aig ee 
tions annul:and:neutralize'each:ot 
> Note+-That the operations above: described cait be cotitiaind 
in the reverse order and direction ‘means: nothing ‘except that 
energy cannot be created or destroyed. | To state: that a process 
for operating an engine is ‘reversible:is merely:a' statement that 
energy catinot be createdior destroyed: The above: patagraph 
assutties; ‘however; that: with: theoperating «substance» at) the 
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lower 'temperatiire it is'possible to return it to the higher 
temperature. And’ since the engine receives heat.only, we have 
a plausible statement that heat can'be transferred: from: a'cold 
body to a*hot:one ‘by a purely: self-acting process.’ ‘The engine 
may be reversible;:but:‘only» when it receives work ‘from’ an 
external store ‘of: work, which cious the:original siiteeneieres in 
pars heat only is:received. | 
Phe impossibility of incline by the: agency: of: rene 

coors a quantity of motive power greater than that whichwe 
have»obtained jin our first series of operations: is now easy to 
prove.) It isidemonstrated by reasoning-exactly similar to that 
which we have already given. »: The reasoning will have inthis 
case argreater degréee:of:exactitude’; the air of which: wemadeé 
use to developthe :inotive power is brought:back:at the end of 
each, cycle!-of ‘opérations’ precisely! to its imitial: state; whereas 
this: was not quite: exactly the! case ‘forthe =e of water, ‘as 
we have already :rematked.’?»s: 

| Note:The!) statements! in: this': pt ares sibidiiondouso 
Having! pérformedia series of operations with an-engine which 
violates the original» premise‘ andthe operation !of ‘which ‘is 
bas¢d- upon assumptions; it is now: stated: that it is impossible 
to produce) by ithe agency of heat alone,:a quantity: of|:motive 
power: greater than: that: which we! had obtained itt our ‘first 
series of) operations. «| Havitig: obtained: a perfect :cycle ‘of 
operations by icertaim assumptions, itis: impossible-to|assume 
anything that will improve the original assumptionjzand con 
sequently the: conclusion: reached ‘is: that a: — snggid 
operations. is»performed:::/Phis' is ridiculous)! crc! up 

kk “i €annot’ssStatement:of: His! Principle. ali, as stiles 
reasoning be:admitted, we must: conclude with Carnot that: the 
motive: power obtainable from heat is independent of the agents 
employed to realize it: ) The-efficiency ‘is: fixed>solely bythe 
temperatures of the bodies: between ‘which, in ‘the: last resort; 
thetrarisfér of; heat is:effected. :! We smust: understand ‘here 
that each: of ithe imethods -of developing motive: power attains 
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the perfection of which it is! susceptible: - This: condition, is 
fulfilled if, aecording to our rule, there is produced in the body 
no change’ of temperature that:is not due to change of ‘volume, 
or in other words, :if there is.no' direct interchange: of heat 
between bodies of sensibly different temperatures.’ 

Note.—Reason can’ be applied. with surety only to fact.:.To 
reason upon assumptions is to fall into error.’ ,What»is ‘the 
efficiency:?), Is: it:the ratio of the inet power delivered’ to the 
total heat supplied’ to the engine, or is it the ratio:of the net 
work: done to the net heat supplied? These points are: not 
clear... The net heat ‘supplied: must be equal:to'the net work 
done; otherwise the Law for the Conservation of Energy has 
been violated. If the efficiency ‘is:the ratio of the total heat 
supplied to the total work, how is the: work:used in compres- 
sion, which is: negative work,’ accounted for?:, If efficiency is 
equalto the ratio of the-net work delivered to’ the total energy 
supplied, why is the efficiency fixed solely by:the temperatures 
of the bodies:between which isi the last:resort. the transfer of 
heat is effected? | What reasoning on fact lias established this 
principle? That’ the total quantity of heat: which :can be uti- 
lized -by any: operating-substance in any engine is measured by 
the temperature limits.is:not true in fact, except the substance 
be:at constant pressure. : : Its power ofedoing work:is depend- 
ent more upon presstire limits:than upon:temperature limits 
and its pressiire-can:co-exist with a low: sr as well, as 
with a high temperature. 

XIL.,“ It-is:characteristic of a state of frictionléss mechan- 
ical equilibrium that an indefinitely. small difference of pressure 
suffices to upset the equilibritm: and: reverse:the motion: Sitni- 
larly in thermal equilibrium between bodies ‘at. the same tems 
perature;'an indéfinitely: small. difference of temperature suf+ 
fices to reverse’ the’ transfer of heat. | Carnot’s rule is therefore 
the criterion, of the! reversibility: of a»cycle of operations ‘as 
regards transfer of:heat. //It issassumed that! the ideal engine 
is: mechanically. reversible, ‘that»there :is: not;for instance; any 
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communication. between reservoirs of gas or, vapor jat;sensibly 
different pressures, and: that thereiis no waste of power in-fric- 
tion: If there.is equilibrium, both, mechanical and. thermal, at 
every stage,of; the ;cycle;. the: ideal: engine , will, be: perfectly 
reversible. -; That} is; to.say;all its/ operations -will- be exactly 
reversedas.regards transfer of heat and work, when: the opera- 
tions are, performed inithe reverse order and direction.. On 
this understanding Carnot’s principle may be put.in.a different 
way, which-is, often: adopted, but is really only the same thing 
put in different words :.-The efficiency of a,perfectly, teversible 
engine is the, maximum possible, and is.a, function solely: of) the 
limits’ of; temperature; between, which it works. .| This result 
depends essentially ,on.:the.-existence.of.\a istate of; thermal 
equilibrium, defined -by ,equality,of temperature, and: independ- 
ent, in the.majority of-cases, of the state of.a-body in-other 
respects... |In order: tojapply the principle-to the calculation and 
prediction,ef,.results, it is sufficient to determine the manner in 
which the, efficiency depends on the temperature for'one par- 
ticular, case, niger the, egies: post be -the same:-for’ all:re+ 
versible, engines.”’ 

Note+—There. ee eens no pineeen sek raat or staternent 
of, fact. which, can. be established by! experiment,iwhich shows 
that the, efficiency: of; a! perfectly .reversible, engine, is greatet 
than, the. efficiency of any other, engine.’ If a theoretical heat 
engine is. not perfectly. reversible the’ Law of. Conservation of 
Energy, is not. followed in. its operation,|and/ to! assume ‘that 
the Law, of, the, Conservation.of Energy is a: function: solely 
of the limits of temperature between which an engine wofks is 
such a bald misstatement of experimental: fact — ‘itis ey 
worthy, of. serious consideration.,,;; 3.0 o)--5 rf} bor 

To summarize the comment. as made. in the. noted: ron) the 
Carnot, engine and: principle as-taken, from \the Encyclopedia 
Britannica, there are three. points)in particular whichare con- 
trary to;the operations of nature.and which, lead into the: mani- 


fest errors,and.conclusions. derived; from study ofthe Carnot 
engine and principle. 
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(fhe fitst ‘of these efrors isiaterror'in ‘reasoning in that’ 
co-existing phenomena is' mistaken for a cause, for! instarite; 
expafision’ at’ constant! tetnperature ‘doing work!:: The state- 
iment! is¢made' that ‘expansion’ at ‘constant ‘temperature doing 
workis possible provided the operating substanée is in cofttaet 
witha source of heat.’ It is not definitely stated:that the addi- 
tion of heat caused the expansion; neither is’it definitely stated 
that the operating” substance’ has‘an ‘internal energy available 
as'presstire to act on the piston)’ By’omitting these’ statements 
of fact the inference is incorrectly drawi ‘that’ ‘the Supply ‘of 
heat’ at ‘the same: temperature .as'the operating: substance ‘can 
be’ used 'to! do work: | 'This‘is atP untenable ‘statement! of -fact. 
“The: expansion of ‘the operating»substance ‘under its owir in- 
ternal energy: moves’ the: pistori;/ does work, and’ results ‘in va 
dectease it) the temperature! of the operating sabstanee! “A fter 
this decrease has ' become’ an| appreciable! amount heat’ flows 
fromthe source tothe operating’ substance; maintaining “its 
temperature: >The ‘heat does not do'the- work; it Merely tain 
tains the temperatute of the operating’ substance replacing with 
heat the internal energy used. The work is d6tie’by ‘virtue 
of:the’ internal energy'of the ‘air,| and if you assuthe the ait at 
such'a condition:as regards its interal energy that the pressure 
6n opposite sides of ‘the piston! is equal there’ will be no‘ move- 
ment of the piston. | | This being 66} how'can these experimental 
facts be reconciled with Catnot’s own statement that heat’dlotie 
shall be'supplied'tothe engine? ‘'Is‘intertial 'enetgy present'as 
— or: — or is: ete sn which can be-eonverted inito 
heat?o F119 iD IO DUBE! etirnil.oslt 
'Phe shat dia is ‘the ‘teverse of the: fiat in' ‘that ‘it'is as- 
sumed that compression of the ‘ait’ éan take place @s a ‘result ‘of 
the transfer ‘of heat only ‘at constant température. The state- 
ment is»made that ‘air cat’be compressed ‘at constant ‘tempeta- 
ture provided it ‘is'in ‘contact “with! a’ sitk Of heat at°that tem- 
perature|’ the: sink of Heat receiving heat ‘front the dir under 
compression. [tis tot! stated’ ‘that ‘the’! ‘siibbraetton of wet 


slqionita bas 
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causes»the compression, neither is:it stated that compression 
takes place:as diresult of external work being done on! the pis- 
ton which, after:causingan:appreciable-increase inthe témpera- 
ture of the operating ‘substance; will: causé-a flow: of: heat to:the 
sink at constant temperature-in contact with the operating: sub- 
stance: ‘The: factthat.theré is a-flow of heat at approximately 
constant temperature fromthe operating substance‘to the: sink 
is interpreted as being the cause of action..|'\A second time 
the same error is:made:and a coexisting phenomena:is assumed 
as the:catuise of-compression.::: Can; this external: work done on 
the piston be ‘considered ‘as heat?! Does not Carnot violate his 
condition that heat alone:shallibe: ats in receiving external 
work: on'the piston? . 

The third point which is!in error isthe dositiniplioki that the 
efficiency. ofa reversible engine is greater than the efficiency 
of any: engine: not, reversible. It is: assumed apparently that 
there are heat engines which are'not reversible, which is equiva- 
lent to a statement that the energy supplied to the engine:and 
the energy derived from’ the engine ‘are-not ‘equal (i, :e.,:heat 
and mechanical: energy are not mutually convertible): » A-re- 
versible engine is nothing more or less than an engine which 
opetates in accordance, with the Law of, the Conservation of 
Energy. To assume that any engine can operate except, in 
accordance with that Law i is ridiculous, but hardly more so 
than to, assume that because an engine does operate. in accord- 
ance with that Law its efficiency i is unity and a ‘function solely 
of the. limits ‘of temperature hetween which ‘it works, } 

When plotted. ona pressure volume. diagram the, indicator 
card of Carnot’s heat’ engine: consists, ‘of ‘two isothermal and 
two adiabaties, Referring’ to figure 2; lines KF and DH are 
isothermal lines and the fines FH’ and KD are adiabatic lines. 
Contrary to the’ ustial diagram ifiystrating the Carnot. cycle the 
atmosphetic’ line is also added 2 as indicating the ; pressure of. the 
operating ‘substance at maximum volume. ; ae ig can be 


II 
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Conservation of Energy, and (2:)we eliminate :the inferences 
and make our assumptions invaccordance:-with experimental 
fact:)( For! instance; wes canoassume that: when ithe. piston::in 
figure 1:is' atthe position ik: the temperature’ of) the operating 
substance shallsbe ¢qual to ‘the temperatures of: the sounce!of 
heat:A; andjat a pressure indicated by the:location:of'a pomt:K 
on figure)2.0/ We':can then ‘go vipat a tiie vise avin of 
opetations«as follows! 

First :operation.++Piston at alten ‘el pet bert 
at) Temperature::Aoand -at' pressure: Ke.) Source of heat» A is 
placed: in contact with the cylinder. -:The:operating substance 
expands, driving the! piston -fromthe=position:tk:to the! posi- 
tion ef at which point the source of heat A‘is:removed andthe 
cylinder thermally insulated. »-By:the Law of the Conservation 
of Energy-the heat supplied must beseqital tothe work:done by 
the ‘piston :plus:the: energy change in: the operatimg: substance. 
The work done equals:area IKF FE); (see! note) , the heat received 
from»: Av equals QA, the: change insthe! energy:content of the - 
opetating: stibstance equals QFi + QK: »\Wehave, in:accord: 
ance with: ' the: am. of::Conservation of tiers ‘our Naas 
creitomis 


“eb Ox WIKRE ore sale?” i: oth 
‘Note: —The ‘pressure “datring™ expansion “of. ‘operating’ 2a 
stance in driving piston ‘from ik to ef is indicated by Tine KF 


on “figtire 2. ~The distance’ ‘piston. has moved i jis equal to ‘the 
distance TE 6 on volume line of P. V. diagram, ‘figure 2, 2. ‘Since 


1 SIIB IDCIHI9S 


force times distance. equals. ‘work or energy | the ‘work done i is 
OY x1 & 

equal t to the area L TKFE and may, be written Ww ; 

Second ‘operation. — — the: cylinder i is now ‘thermally inated 
but the. pressure ze Phils substance, on the piston | be 

g greater | than t tl 7 ressure te) Le atmos nere tl ‘the ‘operating bs 
Sage will « ex saad iding ‘wor k and ¢ driving the piston, from the 
position a. to ‘hie i dttiton gha at ‘which. ‘Position the Pressure, of 
the’ opera g ‘substance { is eq al to. th ‘pressure, c of the atmos- 
phere ae the piston j is in sae rium and at rest. Work done 

+ 
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is equal to area EFHG (and. etiergy lost! by. thé’ opérating sub- 
stance is equal to QF — QH,;and since no; energy, has been 
received from any. other source we have for our second equa- 
tion in accordance with ‘the Law of the ‘Conservation of 
Energy yrormnet #t G Iss: 55] rie rete 19q90 HOY? 


_ Third operation. st piston is ‘at ‘position ‘gh, ‘the oper- 
ating substance is at ‘temperature of the sink of heat B, and the 
pressure of the operating substance i is equal | to the presgure of 
the atmosphere. The sink of heat' Bis placed 4 in contact with 
the operating substance and work which has been done during 
¢xpanision*is retursied | to ‘the piston, ‘driving | the piston from 
position gh to ed, compressing the air, which remains at con- 
stant temperature, Tejecting heat to. the sink of heat B, until 
its condition is as ‘shown by positic ion ‘BD, figure 2, which corre- 
sponds to tte! piston position cd.” ‘During compression heat 
has been rejected to B equal to QB: "The energy of the op- 
erating substance has been changed frofi QM) to QD. 
olf, we assume that during, compression of | operating, sab- 
stance, by movement of piston from gh to cd, the sink,of; heat 
B was not placed in contact, but that compression pwas adia- 
batic (1. e., with operating Substarite and engine thermally in- 
sulated as dite the second operatidn) the compre¥sioh ‘line 
would follow the adiabatic liné HF to D{and the! work/of éom- 
pression would equal area GHD‘. , | Change, in. energy jcon- 
tent QD’ — OH. If then the iia of heat B wae Drought i in 
contact with operating substance heat would Tejected at 
constant volume condition until-the ¢oitditiont df operating’ sub- 
stance would be indicatéd)at-D,‘and ‘we iwoulth-have/heat jre- 
jected QB qqual to OP rr QP ain, area caats ids Perey 


Austen 
In accordance with ag - 2 Conseration of Energy w we 
have fever ow yore te noitsyrsz0) 10 wal va 


H j if irae ca ae. cake TOE 
TOW jo $ ‘satin IEOfi 3 
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(3) Wi GHD'C=QD' +~QHiN 
(4) OB=QD'—OQD. 
(8), WGHD'C — WGHDC — =WDD'H. 





Fourth operation.—The sink of heat B is removed from’con- _ 
tact with the operating substance, More work is borrowed 
from that done during expansion, and. the piston is moved 
from the position cd, figure 1, corresponding to D, figure 2, 
to the position ik, figure 1, corresponding | to ‘the position K, 
figure 2, and during this operation the operating ‘substance is 
thermally insulated and all work expended in compression: is 
added to the operating substance as energy, t the operating sub- 
stance being returned to its original ‘condition as indicated 
by K. __, During this operation work has been done equal to 
area CDKI. . Energy ha’ been added to, the operating sub- 
stance equal to OK — -OD, and i in accordance with. the Law of 
the Conservation of Energy, , we have: 

(6); OR QD = WCDKT. 


~\ From’ these four sas gai we nie ering the fdllowing 
equations: © >" 


(1) QA= WIKFE +' oF — -OK. 

(2), QF — QH = WEFHG, - 

(3) WGHDC OD’ point 

(4) -QBeOD wiQp, 91) sys tev 

(by weend siderite wbDu. 

(6), OK —- QD = WCDKI.. 

(1) Net heat received ==QA'+ QB: 

(8) Net work” delivered 2 -WIKFE’ +4 warns” aot 
WG HDC — WCDKI. : 


By Law of Conentisien of Bnerey we inte’ 
Net heat supplied = Net work done, or, 
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QA — QB WIKFE + WEFHG —WGHDE = 
SWCDKE! 7 

The original question to be answered was “How much work 
can be obtained from heat alone by means of ‘an engine! repeat- 

ing a regular succession or cycleof operations continuously ?” 

In order to answer this question, it. must be demonstrated 
that. the engine has, received net, heat and has, delivered..net 
work, to a reservoir outside of the engine and its operating 
substance. : 

Referring to the above equations, it is necessary that for the 
engine to have received heat that QA — QB must have a finite 
value, and that the work during expansion stroke must be 
greater than the work during the compression stroke. 

Between condition at minimum volume OK’ and at maximum 
volume QH we have the following eneray changes i in operating 
substance!" ‘ 

During Expansion. “ee 

Received from A = QA. : 

Received from operating substance OK— -OH. 

During C ompression. 

Work, compression from gh to cd = wn Gp’ 22 ‘OH. 

Work, compression from cd to ik = “QK — QOD. 


(9) Therefore QA + QK — —QH= QD’ — QH 3 OK 
OD. 
(10) OA= QD’ — QD. , 

. But,, from,the;third operation; we have equation: (4) bes 

(4), QB==QD'i++QD.. eu | 

(11) Subtracting Qa — OBO and QA'= QB.” 

Therefore: (1) no net heat has been received ftom’ a Source 
outside’ of enginé and operating substance, and (2) Ouaatity 
of heat ‘received équals quantity of heat’ rejected.’ fas 

During expansion total work done equals," ©" ' 


WIKFE + WEFHG. ” 
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During compression total, work received, equals, | 


WGHDC-+ . 
Net work equals, cay eas 


WaKEE: + WEFHGs+ WCHDC. — WODET== sets -KXD- seal 

leon y efOoUstaqo TX PR a 

‘But, Net work Net heat. / 

Therefore OA OB KXD = XD’F, ‘which’ ih accord- 
ance with equation (11) et{tials’ zefo. 

Therefore ; i . 

i KXD—XDF=0- 
_ KXD= XDF and | 0 

(1) ‘No, net work was delivered, by, engine, ik, 

(2) Work, of compression equals work of expansion, 

Therefore. bare 
“1. A heat engine “Febeiving bent olke feat: an a external 
- source and delivering net work to an external receiver, and 

2. Operating on a Carnot’s Cyele, consisting: of... (a).,iso- 
thermal expansion at, maximum, temperature of. cycle, 

(b) Adiabatic expansion to minimum. temperature of, cycle, 

(c) Isothermal, fomupressign at Jinimym., FRRmRSTaHEY/ of 
, cycle, 

(d), Adiabatic compression ta ‘maximum terhperature, of 
cycle“and to original condition of operating substance cons 
sidered relatively to temperature, wire ee and ena of agere- 
gation, and 

8. Performing’ these operations in ia reigitee! opts of suc- 
cession continually, is an-impossible! — and cycle of sciaaiad 
tions for converting heat only into work, ridua ¢ 

-However, the engine. has operated and ina west eas and 
converted it.into, work, ig expansion of, operating, i po 


ie $9 


verted it into heat, 


, OTK fy a HEOAS QMIITy a 
But the heat received was. ata high temperature and the heat 
rejected was at a low temperature. 
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Therefore the net result of a heat engine operating on a 
Carnot cycle is to receive heat at a Pies temperature and reject 
it at a low temperature. 

And even this result is otal on an assumption that Carnot 
neglects to mention, viz: that the operating substance has 
pressure in‘excess of the pressure on the iter the 
piston.....,.. 5. 

Tf’ the ‘opefating | sabetance at “Kn had no excess "pressure 
(i.e. greater than. the, pressure.on, the. Opposite side, of the 
piston) and was at tetiipérature of ‘source of heat’ A, there 
would be no expansion 6r compression, no: heat received or 
rejected, and area BERD wand Res. a bei equal to, z6r0. 





pe 


gree. 
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THE “FRENCH BRIEY-LONGWY “IRON ORE BASIN.’ 


We have received a copy of the translation of a secret memorandum 
which ‘was addressed at the close’ of.1917; to the German® Imperial, Chan- 
cellor, Count von Hertling, and to Field-Marshal von Hindenburg, by 
Law Councillor’ W: Meyer and ‘Dr.’Ji- Reichert; ‘on’ behalf of the’ Associa- 
tion, of German: Iron and Steel, Manufacturers, and by. General Manager 
Voegler and Dr. Ing. O. Petersen, on behalf of the German Ironmasters. 
Dr. Petersen is also the ‘editor of ‘the ‘German ‘periodical: “Stahl: und 
Eisen.” The memorandum states: (1) ,That .Germany’s dependence 
upon foreign countries for its supply of iron ore ¢onstitutes' a very grave 
danger to German industry and to the German State and people. It 
adds, (2) that forethought for the future renders the displacement of the 
Lorraine frontier necessary and unavoidable. In the third plage, it 
enlarges upon the point that the mining lands (in France), which it is 
proposed by Germany to annex, are of enormous value for Germany’s 
national welfare and for her waging of “a future war.” A fourth and 
final chapter is entitled “Conclusion.” The whole of the memorandum 
is very ably analyzed in a Foreword by the translator. 

The memorandum states that the iron ore supplies to Germany’s enemies 
are fully assured, whereas the German ironfields will soon be exhausted. 
Great Britain, it adds, imports a large quantity of ores, and before the 
war Germany also obtained foreign ores from the same countries which 
supply Great Britain; but, the memorandum further states, there is a 
great difference in this respect between the situation of Great Britain and 
that of Germany, and it arises from the British mastery of the seas. 
The huge navy of Great Britain ensured for that country, even in time 
of war, its overseas imports, whereas Germany was at once cut off from 
almost all the other ore-producing countries. The foreword deals with 
the comparisons made in the memorandum between the German iron ore 
resources and those of France, and calls attention to the fact that the 
German authorities do not mention the Bavarian iron ore deposits, esti- 
mations concerning which were given in the German journal “ Gliickauf” 
as late as March 12, 1910 (“Die Eisenerzvorkommen in der Frankischen 
Alb”), when those deposits were calculated to contain 1,700,000,000 tons,” 
a figure which certainly represents a minimum. The translator adds in 
this connection that the four German specialists, the authors of the mem- 
orandum, exaggerate both the annual consumption of iron ore in Germany 
and the importance of the French Normandy iron ore deposits, with a 
view to demonstrate that France, even were she compelled to give up to ' 
Germany the Briey-Longwy basin, would still remain in possession of 
very great iron ore resources. It should be remarked here that the 
memorandum states most candidly that “ few people to this day are aware 
that Normandy possesses such rich ore deposits, for the German pros- 
pectors kept secret from everyone the knowledge they. had acquired in 
the very last years before the war.” The Germans were not always so 
very pessimistic in regard to their mineral resources, for in “Gemein- 
fassliche Darstellung des Eisenhtittenwesens” (5th edition, 1903, the last 
edition we have received), a book issued by the Association of German 
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Trormasters; the latter, after reviewing the mineral resources ofthe whole 
world,-congratulate themselves on the favorable position of Germany. The 
last ‘three lines of ‘the book: state the: following’ (translation) :“°.*" * 
Under ‘alt circumstances; the’ prospects ‘of'-Germany ‘are* more: cichanes 
than’ those’ of Great Britain, and ‘this: applies both to-our (the German) 
coalfields ‘and to’ the! occurrencés!of ore.” Since. these lines “were ' written, 
Germd&y, it is true,’ has lost Alsace-Lorraine;' but ‘she has ascertained the 
value of the Bavarian ‘deposits: above referred tox» 2 

The’ memorandum: throws emphasis: repeatedly’ upon the necessity ‘of 
shifting the Lorraine frontier farther West ‘owing to the Germanineed of 
iron ‘ore and.to the proximity of many new and immensely important 
German establishments. ° It does! this ‘after’ comparing, as: 'we-have said, 
the mineral resources of ‘Germany: with those: of >“ Germany's: enemies,” 
and then it states, practically inthe light of an’ afterthought; that “by 
annexing all such ‘necessary frontier areas, there would ‘be incorporated 
in the German Fatherland ‘a territory: which: for centuries belonged to the 
former German’ Empire.” ‘This means that if the Briey-Longwy district 
were absolutely’ barren and contained no ironstone ‘im its: subsoil; the Ger- 
man ironmasters: would not ‘think»of annexing: it, although’ it) might have 
belonged formerly to the German Fatherland.'' Or they might have’ mets 
it simply to increase the distance between France and the German: estab- 
lishments. Germany's “historic right” to the: districts in question :in: this 
latter case still remains a secondary argument on the part of the German 
ironmasters who; it would: seem, ‘should Have based their: claim’ ‘first and 
foremost’ upon the’ standpoint ‘of history. Their: brief historical data 
go as far back ias Charlemagne; but the latter is quite’as well known in 
French history:'as in German history: Charlemagne, :in 800, ‘was made 
Emperor of the West by: Pope ‘Leo Ill, and mer the tribes he conquered 
were the Bavarians and Saxons. » By invoking Charlemange, France: might 
possibly lay claim toa part ‘of the ‘present rmany. 

e’ figures quoted for the: production of: steel’ in Germany in--1913, 
the last complete! peace year before the war; are as follow, the, statements 
we give in'brackets being taken from: “ Stahl und Eisen”: Thomas ‘steel 
(basic ‘converter :'steel), 10,630,000 tons;::Siemens+Martin steel, «;7,977,000 
tons. ° » (This: is probably made up»of open-hearth steel; basic) and ‘acid 
7,610,000: tons, and: 'steel ‘castings 362,916 tons!)::: Other 'steel:is! given) as 
having reached $28;600 tons (probably: made ‘up.of:crucible steel::99,000 
tons, electric’ ‘steel: 77,000. tons, and: Bessemer: steel 155,000; tons): 

The ‘figures for 1916 iare also! quoted, unis are oan following: 
ot Pons 

Thomas steel igo! enpit 207 3) SRO TRE72 7,654,000 
si Siemens-Martin’ steel’! ' 

Other steel 


For, both years, the figures cover Germany, Alsace-Lorraine and Luxem- 


Ly te ne) Ps 

/The fact that) so. much basic converter steel should have been; manu- 

’ in Germany in, 1916, at a time. when the country: was unable. to 
meet any, of : ‘its..own commercial, needs. and. unable also to, export, the 
whole activities of the nation being, exerted in meeting the war. require- 
ments,..is striking and. mic not be lost sight, of... The.output, of, open- 
hearth. steel..is practically the. same. in 1916,as in,.1913. he memasansi 
states that the quantity produced j in, 1916 would not. have. r figure 
for 1913, owing. to, the lack in.Germany of, resources in discards and. scrap, 
and owing. also, to. the, great; shortage, of laborz ... “Fortunately,” it adds, 
“the successes of our army. enabled'us to.secure from the conquered terri- 
tories;. besides great quantities of pig-iron, semi-finishes : prod, 
ucts, a large amount of discards.and scrap. , In this, we.were helped, among 
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other things, by. pulling dowm the industrial, establishments already devas- 
tated by war. on threatened, with destruction,” | The italics: are.ours,' | We 
may remind: our. readers that; one. of. the addressees of] the, secret. mem: 
orandumi in-question was;Marshal von. Hindenburg, who, we should think, 
baw better than: its authors; conversant iwith the :pulling: down. activities 
of, the, German, Army,|; As:it: is, the total.steel output; of, Germany: was 
18,935,600; tons: in,;1913' and./16,482,000/ tons. in Re the latter: figuegwould 
hardly point to the alleged “great, shortage of labor” sc. 

Reverting: tothe: figures foroutput quoted in the memorandum, it may 
be surmised: that in 1916. no.armor /plates and very: few large+caliber. guns, 
if: any,);were built: for the German, Navy.; probably, no! guns,! whether for 
the German: Navy or: Army were. then: built. of crucible ‘steel. .We shave 
always doubted: the ‘German assertion that; their guns.of. recent.construc; 
tion were invariably: built of| that: steel; considering the quality now. obtain- 
able in; the: open-hearth -furnace-> Krupp: guns -were, manufactured : before 
the war at the: Cockerill Works, Seraing;:and at the Skoda Works, ) Pilsen; 
The former: works have been a et ws eagh no; doubt: because they 
were “thteaténed ; with: destruction.”, official of; one, | of;'these . two 
works asked whether he built- Krupp. guns ot ‘of crucible. steel, replied .em- 
phatically in the: negative; the: other: used’ occasionally, to. purchase 
large naval gun tubes from outside-steel: makers, who may. be said to, manu: 
facture tons: of open-hearth» steel: for every.ounce of crucible steel: they 
produce. «;We> believe: that several, Continental: works: still ‘continue mak- 
ing crucible steel and»also puddled iron, They, of course, find: use for 
both imetals: occasionally, but their;main object;:may >be said) tobe. the 
training of experienced workmen on whom they can tely: in an emergency. 

We wish to” correet:anerror which has crept.in the translation of, the 
memorandum, ‘on: page 86.:: The authors. iareomade ito /sayi: i -* .*: 
This was ‘more: notable. from: the ‘end’ of: 1870,“when German: eet 
succeeded in putting. to:practical: use the: English CERES of the Thomas 
process: *:.*1*” ;:The:passage: should read: ‘ %, This was. smiore 
notable :towards:the ‘end of seventies” |and./so eee | The: German 
writers could hardly. claim to have improved a:process before ithe discovery 
of that ‘process.::' We ‘do not: know: of ‘any such German improvement; of 
thesbasic process!» In regard to the ‘early statistics of basic-and:other steel 
output, they’ will -frequently‘be found to cover, besides: Germany; also 
Luxemburg and Austria.) Even: then, :in the early ‘eighties, the: figures of 
output given on (Gettia& journals: doi not::show: stifficierttly: high >totals;;to 
point to anysGernian' improvement 6f the)British process ini question. ‘The 
German ironmasters, like the ironmasters in every other country, had to 
overcome;the- difficulties inherent to the manaiacure rof.a SARTRE NES lining, 
adequateyin ;every respect, before they could. mak ea. of the basic 
process. »\The,authors cannot have had in mind nd the“ Settler process” ; 
this, so far as. we can trace, was patented in y in about 1886, 
and it was claimed’ to require a lesser lime’ pS to ediice the duration 
of the blow and to give a better yield in steel and in phosphoric slag: - 
was adopted by some German firms ‘and ‘was dropped* by’ several, : 
given the British’ basic process,’ or,'we' should say, when ‘a firm ‘had’ *§ 
quired the’ right’ against the payment’ of a ie to’ase 'that_ process,’ it 
would stmt to as that that semme fm Was A i fty to vary “at willothe 
addition’ of ‘baked''limestone ‘to suit its ‘ow cular requirements : ‘and 
rte ahd ‘this ‘variation’ would’ ot tone? ‘tobe ‘patentable, the ad 
dition WiHieseane: forviing i ‘of! the ‘original British’ invention: °' Be 
that’ as it’ may, the statement: Jefigineers) succeeded i in’ putting 
to practical: “use ‘the English discov Of thé Thothas process” was one 
which Was’ ‘sure ’to ‘ to’'von “Hertling? atid" von” assent, who 
probably ‘were not so on vérsed in ‘steel manu é€ a8 in’ other subjects. 
One ‘of our fotentost authorities ‘in the ‘manufacture Of steel, Sir Robert 
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Hadfield, stated at the. meeting of the Faraday Society on November 12 
last, that “German metallurgists * * have only copied, absorbed and 
made’ use of the principles of. gece Brith, Ameri¢an and. Swedish 
metallurgists. I cannot remember any ag | instance; of the Germans 
teaching us any basic principles in ferrous aan 

The memorandum also lays ba yan i ge connection 
which exists betweenthe steel indu nm the value to 
Agriculture of the phosphates ol bask ss. Ir our pres- 
ent brief review, this point may. brine ty Si mply i in. ee ht of a coro 
and we need not refer to. it spe ly. 

It mentions “ the future war” ad auseam. “and states that “the displace- 
ment of our Lorraine frontiers is areottely inidispensable, not only for 
the security of the German, Empire in a ufrre, Bi Dut also for the 
consolidation of our: national welfare * = * Since Germany not 
only has not obtained the French Briey-Losigwy basin which she has 
coveted for years past, but has also lost the portion of that basin 
which is situated in‘the provinces she wrested-from-—France in 1871, it 
would therefore-follow that “the future war” now betomes to her an 
impossibility. Bat there remain to her the above-mentioned Bavarian de- 
posits of 1,700,000,000-tons, upon which she appears not to have laid much 
stress hitherto, and the Entente Nations would | still have to view con- 
tingencies with great caution. The question’ of “the future war” is out- 
side our province, itsis one entirely for the Peace Conference to deal with, 
but we may be allowed to connect the matter with a statement made many 
years ago in quite different circumstances by a “British judge. He 
said: “The harness of certain horses cont: a-special strap, called 
the ‘kicking ak La . The horse does not foe t the-strap is there until it 
wants to kick; and whe: en it wants to-kick, it can’t.” Weare quite content 
to leave all these questions in the hands of the Entente diplomatists who, 
we feel sure, will dé; the needful, 

In conclusion we; recommend the report to our readers. The English 
version is published in pamphlet form, under the'title “ an Designs on 
French Lorraine,” at-the price of 6d. net, by Messrs. ¢ al Allen and 
Unwin, | , Limited, Ruskin House, 40,., Museum tW.C. 1.—“Engi- 
neering.” a Tg 
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IMPROVEMENTS IN ‘THE: coxsmaubn 





of a vessel for the purpose of} deali ted in different 
compartments al its length is not » It4s prerer this particular 
development to provide the centra “aff duct by! dispensing with 
the ordinary vertical keel plate, and by/working instead a relatively narrow 
box keel running thé-length of the vessel, and hav ing | uninterrupted 
passage through it from one. end 2; the oth 

Dealing first with the form of this duct keel and its ee to the 
adjacent ship structufe, reference may be made: to Figs. a 

Fig. 1 represents, in cross section, an ordinary. ed H pertieal keel 
structure. Fig: 2 represents “Sections across ‘the: duct keel, the 
framing shown on either. side of .the keel im Fig. 2- of the plate- 
frame type. The maximum width between he lates is not at 
present intended to exceed 2 feet 6 inches, w le it.may be as little as 
1 foot 9 inches in particular cases; The depth of.the would generally 
be the normal full depth of the vertical keel. 


*Abstract of paper read before ve Institution of Engineers and Shipbuilders in 
Scotland, by Mr. Pe Spanner, R. N. C. 
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It..is . at, present. suggested that in general..the, poundage of Jeach of 
Smsporticalineae ner ame + dooney west wo bl should: be not 
less than two-thirds the, poundage .of 'the. single keel: plate proper) for 
thes iparticular vessel, that; the poundage, of; the. gutter: plate, should: be 

20 per).cent in, excess of the usual, poundage, and that the angles; should 
be not,less than, 6: inches by. 6,inches by, 44 inch:.in: section: ..It is not 
proposed to increase the thickness,of the. keel: plates, nor is it proposed to 
fit, any. stiffening. to these keel, plates. imside the duct. If necessary,’ stiffen- 
ing..can: be, fitted. across the apper portion. of the duct, to support the gutter 

plabet in. .wake,.of machinery weights, -ete, or, for, such:other -purposes: as 

maybe desirable, 

The actual,, building: ae such a duct keel structure. as that outlined 
above. calls: for. few. remarks ;, itvis; a. relatively simple: proposition, ‘par- 
ticularly .as .this ‘structure; .would.:-be the. first. portion. of: a-vessel to. be 

Sufficient room for. tiveting:-is provided, evemifthe:width of 
the eek is,,only,,1 foot,.9, inches; .while:.with a.width':of:2 feet.6: inches 
the; men, would, be far, from,cramped.. It .would:‘be.preferred ‘that the:top 
and | bottom. angles; and the; laps:and butts. of,/plating should be riveted, 
and, that, after riveting, the edges. should be -electrically. welded. instead 
of being caulked.., This. would ensure. the..duct being, thoroughly tight: and 
capable. of. withstanding a.good head of fluid.) If:.welding: plant: is-not 
available, however, a satisfactory job can bé secured: by proper caulking. 

The longitudinal: strength’, of, a;.vessel / fitted with a keel structure as 
proposed is obviously greater than if, the ordinary vertical keel is fitted, 
particularly. against hogging: stresses, §.. 
far. as. .docking;, stresses. are: comnerants Gf the. vessel: is properly 
docked, the. members, of. the keel .structure: are less severely stressed 
than.is the case,with a: single vertical 'keel plate:; If sheis docked off 
the center line an, unfair: stress.,is brought. upon:the keel;.structure,. but 
this ;is: less..severe in} the,case of; the, box: keel:than; with the ordinary 
keel. As regards transverse. strength, objections may be raised to,accept- 
ing a box-keel. structure without, internal transverse-fra «and, as it 
is desired to dispense, with, such transverse, framing as: ari as possible, 
it will not-be,out;of, loca to deal: with the question of transverse strength 
at some length:, Ip the. first place, there is, no appreciable: reduction .in 
the form-retaining ;value ofthe, transverse bulkheads, \due to .the logs: of 
the ‘small; area of : plating: represented: _ the: cross-section of the: dtict keel. 

Taking a transverse, section of the vessel, itis 
that the; Ps: of the: transverse, framing .is to: act:'as. the web of a 
girder. .of, which; the, we. saree are; the inner:.and. outer bottoms: respec- 

iffness necessary, in addition to. that 


girder in tension and the bottom member, in: compression. Onis 

i It is. proposed in. the new.form. of;,construction, to ‘connect. the: paced 
ands tarboard, portions of the transverse girders to the rigid’ box forming 
the duct keel. Constructed in the. manner. shown’ in, Fig.,2,the duct 
keel -would.. er except under, the effect of ; pr tno which would 
more .than.equally injure the, structure. of .a.vessel, of. ordinary. construc- 
tion, and.certainly-not'under any :stresses which. would,-n be trans- 
mitted to it-through the adjacent structure,.-If forany. particular ‘reason 
it, is: desired) to Ait, transverse. stiffening to. the upper-portion of the duct, 
la is mrtg am, Ms ARSPs unatier a od sa he upper anelen reuetsiiie, the 


romwod 
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The*sketches*and explanation ‘above tefér ‘orily *to! the case! of a“ Vessel 
having a double bottom built'on the transverse system: ‘Phe idea: is equally 
easily applied’ to! a'vessel designed on the! Isherwood ‘system:”’ °° 

It>is:now ‘proposed ‘to outline’ the ‘services’ to’ ‘Which’ the ‘dtict keel ean 
be adapted, ‘considering ‘first. the case! of ‘a ‘vessel! burning’ coal ‘arid’ —_ 
the double-bottom tanks primarily for the’ car cof’ water ballast." 
the ordinary ‘way a ‘vessel of fair size - would have ftotm 12 to ‘20 ‘or canes 
double-bottom tanks, and fot “working them * would ‘teqiite ‘a’ st¢tion 
leading ‘into each tank)’ These sactions ‘would each: start from a! ‘valve 
box or boxes: in’the»machinery space; and? would: either run forward°and 
aft above the inner bottom, piercing one watertight bulkhead’ after atiother 
until ‘over: their ‘respective’ tanks, where’ they ‘would ‘be turned down’ and 
led jinto' them through the *inner ‘bottom; or’ else would’ ran’ threagh’ the 
double-bottom: spaces. '' ‘Such ‘systems’ necessitate’ many handreds ‘of: ifeet 
of suction pipés*and: large: numbers: of: holes in the watertight’ bulkheads 
or framesand in the inner bottom: Cargo’ stowage’ is ‘lost owing’ to the 
necessity » of ‘protecting these’ leads of pipes; and constant! care and attefi- 
tion: is ‘necessary to-provitle’ against deterioration. 'If the vessel is’ bilged, 
and’ -damage results to -ohe or more: of the suction: pipes, special ‘precaa- 
tions’ are necessary’ to: prevent! water from finding’ its’ way through: ‘these 
pipes into ‘compartments far’dway from the region’ of ‘the actual damage; 
and so further jeopardizing the safety’ of the vessel.’ 

Fig. ‘3: illustrates: the’ propdséd | system: of dealing with: wane: “ballast! ‘by 
means of! a ductkeel. «Phe duct‘ rus fore and°aft between the port iand 
starboard double-bottom tanks, and each’ tank: eam be put ‘into ‘contiection 
with)it) by opening» a’ valvé im the sides ofthe: duet!’ Dhese’ valves are 
marked A. The duct keel is‘actually arfong: ‘double-bottom ' comp: t; 
and ‘is’ provided with the usual) dir escapes: It is proposed chee the ‘tail 
pipe of the ‘ballast pump: should:have ‘two°branchées-one ‘eading'to the 
forward end and’ the‘other! to the after end ofthis keel compartment. 
These:are shown in the'sketch running forward and aft from the’ suction 
at EB. By using the one or' the ‘other;‘according as'to' whether the vessel 
is trimming by the: head‘or by’ the’ sterti, it would be2possible td ees 
empty any tank ‘or tanks.’ Do fill! any’tank it’ is? only ‘névessary to open 
the valve ‘putting: this \tank ‘into communication with the dact keeb and to 
pump water ‘into ‘the ‘latter uhtit soundings show “the ‘tank to’ be fall, 

It! will’ be‘seen thatthe provision of! the duct ‘enables! virtually: the: whole 
ofthe bdllast-suction system to be dispensed ‘with; while'no holes: are 
necessary through’ watertight’! bulkheads.’ Furthét, ‘water’ enteritig ithe 
ship’ followitig damage cannot find its way:'ulo vithe''ghip'te _dther ‘un 
dathaged compartments. by way of’ pen emg ‘keel; re) Hahenngh ithe catitrol 
of ‘the” shigten officers)’ ‘thevaidoption of pawene 

rated''valve;: control of all Santee saree ol the! dict ‘keel ‘cane be if 
ired, ” ‘cenitralized in the: engine. “room,” ‘the! necessary’ ‘small ‘pressure 
leads running along’ inside the! duety9' 101100 odd Dass 

“Returhitig ‘tothe! question “of damage testlting ‘to a vessel froth éol- 
lision’ or similar: mishap,’ it will be genefally admitted that, of all’ portions 
pF a ship’sstftictute likely to"be'd fat bea;'the feast likely to’ suffet 

is cettainly the°keel’ structure.” ‘grounding, ‘there ‘arepr 
cases in whieh’ ‘da ce resulted’ to the vertical: ‘keel; att) as thie spro- 
posed box ‘keet is” (mich -stiffer'than an ordinary ‘single-plate kee, 
itis not’ unreasonable to ‘expeet’ that; even ‘should the vessel ‘take the 
ground; ‘the duct ‘keeP would’ remain silbstantially' intact. hn nen go to 
provide ‘against single dainage’ purtiig the duct: out’ of operation) two 
simple-type vertical doors or valves are provided, dividing the duct- frito 
three sections. It is not essential that these doors should be more than 
roughly watertight. They are shown marked D on Fig. 3. If it is 
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desired. to ‘use some of the double-bottom or ‘peak tanks ‘for fresh ‘water 
or for feed water, the’ suction’ pipes to’ these ‘tanks ‘may’ be' led along from 
the punip tothe tanks» by “way of the: duct keelj-thus: avoiding the’ piercing 
of\any watertight bulkheads for the: passage of thete pipes: This ‘is illus- 
trated im Fig. 3,;:the pipes being marked B." 

«Consider now. the ‘service: catt ' be? ‘obtained: fréen> ao dace keel in 
the 'case‘of a'vessel fitted for burning ioil as fuel, ‘and carrying this oil 
inthe double-bottoin: compartments! and in’ some ‘ofthe holds.» As’ in’ the 
case of the vessel first described, the duct’ keel: could’ ‘be put’ into°¢om- 
munication with ‘any’ of ‘the! double-bottom compartments ‘containing ‘the 
oil ‘fuel bythe opening of the ——— valves; while; by fitting valves’ in 
the roof of the duct, it would be‘ possible to: put the duct into comminnica 
tion with: holds“in which’ fuel ott might ‘beostowed. There ‘are’ certain 
points ‘in: which the: problem: of dealing with oil fuel differs’ from: that 
of: handling ‘water’ ‘ballast; ‘such -points ‘arising: principally: owing to ' the 
viscosity of oil at low temperatures. ‘This ‘viscosity ‘is generally! so ‘great 
that’ it is impossible to pump: the oil from ‘the ‘tanks until ‘by’ séftie‘meéans 
the temperatureof the. oil has been raised sufficiently to ‘permit’ of +a 
considerable lowering of the’! viscosity: ‘The means’ usually”! ae ag to 
heat the oil in the tanks ‘is to'fit grids of steam pipes; such ‘grids bei 
nevessary, ‘one imeach of the tanks used for carrying oil; ‘’Phis! is 
an ‘expensive and uneconomical procedure, ‘but® so. far? ‘no other: means 
have been! found of overcoming the reluctance ‘of ‘the joilto: being’ drawn 
up through the suction ‘pipes. ‘That the>wswal\‘steam-heating method ‘is 
uneconomical “is “obviotis when one considers’ the fact<(that, “while it is 
necessary for the oil+fuel suction to be practically at' the lowest point’ of 
the compartment, ithe 'oil:itself ‘as vit is ‘heated! rises: to: the top; and not 
until the whole ‘voliime: in that compartment has‘ been ‘raised: in tempera- 
ture is it generally possible to: start 'a‘flow ‘which ‘is:at‘alf' ‘likely'to be con- 
sistent. Further, ‘only one section of pipe*is used at’ a‘ time, ‘so that! 90 
per cent or more? of the heating: ‘systeny is'always out of ‘action and repre+ 
sents>useless lass of ‘deadweight: | ‘It-is ifurther:necessary' to carefully lag 
alt 'the suction :pipes'to-prevent stoppage of flow dué to cooling! of the oil 
while ‘actually ' in ‘these pipes, and-it-is common practice’to lead a‘ steam 

—_ witle: the suction pipe; lagging’ won. bouhd arourid pad ‘two 


ate: itp inhatmed: for the “ptepoved> ductokeet s stem that: not! paren ‘is it 
possible to eliminate moguesioty ‘ithe whole of the pipes forniing: the! ordi- 
nary filling:'and! ‘But .also’ that! practically "tte: whale of 
the’ heating "pipes'!can’ ‘be dispensed: with. “Dealing ''withi_ the ‘latter claire 
first): attention ‘is-drawntoithe following’ considerations} .#!/1917i} +5 
‘1 ‘Dhat ‘the: duet? keel: lies: ‘at ashaomatelye the lowest’ point? of othe! ship, 
and “that, ‘therefore, “if “easy ‘access’ is' provided» fromthe double-bottom 
compartments or holiisito- this'portion of the ship; gravity: wilt ensure’ that 
flow®: willsrésaltiinto the duct keel; even‘ifthe.oil be‘only: semitfluid)) »:« 
SQ Phat if'isteps are taken! to heat: the’oil'in the duct’keel by ttieans' of 
the usual seats pipes, this’ oif «must: mecedtarily: ‘attain ‘a: ti isuft 
ficient to enable Mace, ace Ais fear set to stat much ‘earlier than>would be 
the case were the °diltin’ an ‘ordinary idouble-bottom ' compartment,” owing 
tothe fact that once the oif has entered the ‘duct itsis virtually” 
there; while the’ volume’ of oil’ contained ‘in 2 the? duet ‘is! compara 
smalhi Further; 'as the duet) will dlways contain heated! oil whew ‘in ‘use, 
fact from ithe: doublesbottoms compartments: or' holds to ‘the duct ‘will be 
* acilitated ip a6eb.t0-4svisv stereo viisiine gs If of vreeesosh ¢ Ire 
Bu! It-wilh be quite: amnnecessary! the ‘suction pipes, “glithion’ ‘will be 
anliads short outside >the : ering ben Ba he pipes! <a arvtiarery: f 
ditect''into ‘thé ‘ductthrough the inner: bottom. 29° «<< 
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It will be seen that; by.fitting heating pipes only to the. duct: keel, it: will 
be. possible to handle the..oil effectively, and. the very large expense: in- 
volved. in, providing for heating pipes.to all tanks will be obviated: 

As regards the suction arrangements; these will consist: of tail pipes 
from the one or more fuel pumps. fitted, and the long.leads usually neces- 
sary to the several tanks can be, dispensed with. Similarly, it: will be pos- 
sible to dispense with the} filling pipes: to each of the oil-fuel tanks, these 
tanks being filled by pumping oil into the duct keel.and opening the valves 
to tbe various tanks.in. succession. »; 

As.-has. previously, been: pointed..out. when discussing the use of the 
duct. keel .for water. ballast, damage to the duct:is unlikely, but: if: it 
should occur either forward. or aft, the damaged. section, could be isolated 
by, shutting .one or other -of. the. transverse doors. Should some very 
extensive damage quite’ put the duct. keel. out»of commission, fuel could 
still. be .obtainedfor..a restricted radius .of:-movement: from. the’ settling 
tanks, which would. normally contain a.certain quantity of ‘oil. 

A, point,,worthy.. of notice :is;that!:no, loss..of, double-bottom. stowage 
results from the, /introduction-of the. duct' keel, ,as, whether the vessel 
carries, water! ballast..or..oil .in| the. double. bottoms, she-can, when-loaded, 
carry the duct. full..of, either water or oil,,as ‘the .case:‘may be. -:As: the 
duct differs from an ordinary: double-bottom, compartment only in that: it 
is deeper and freer of access, no difficulty, should. arise in clearing. it of 
fluid for purposes of-inspection; etc.; in fact, it should be a simnplen matter 
to clean out the duct than’ to-clean out an ordinary compartment. 

It is now. proposed to: indicate a further direction in- which the new 
form of keel is likely to be of very considerable value. 

The. duct keel is of value.in. the saving of. vessels which have. suffered 
serious underwater damage by) what is: known as - Brunton system. 
The Brunton scheme.contains two, main ideas: 

1, The addition: of. water to the damaged, vessel on that the maximum 
corrective. effect..is obtained: from’ every,ton.of water added. 

2. The. utilization of existing: powerful: pumps..or of pumps specially 
introduced, to. pump the necessary weight of. water, rapidly :into: position. 
To carry out these ideas it is first necessary to provide that the bulkheads 
limiting what, may :be called, the seanprieneciotiane compartments should 
be watertight and specially stiffened. This is not difficult. It is» also 
necessary: to. arrange for some ‘connection:between the powerful pumps, 
which: would:be situated; in. the: .machinery,: compartments, and’ 'those 
emergency-trimming compartments. :. This Messrs. Brunton have hitherto 
proposed: to do by fitting. large pipes), running. from.:the. pumps: to: these 
compartments. The, objections: to such. @ proposal are’ serious—from: the 
naval .architect’s, builder’s and owner’s. points ‘of, view,,° Such pipes, to 
obtain the. required. rate’ of) discharge, .must- be +12 -inches, or more. :in 
diameter, and they form, a source of weakness in ‘the completed: vessel, 
an: difficult to. arrange for,.and are somewhat costly to: instal atid.,main- 

-It- is’ these: séveral objections: :that, have: ‘undoubtedly somewhat 
epi the development of this very valuable ‘system, 

The manner in which: all. these objections. are. met: by the utilizieg ‘at 
the. duct: keel: for. the. purpose: .of communication) between:; pumps, and 
emergency-trimming:compartments» hardly! needs! explaining. » The duct 
keel is in reality a: tectangular: pipe:of; very ‘large: cross-section) .running 
from one end! of the: vessel: to the: other, and to provide communication 
between it and the forward. and after emergency-trimming compartments 
it is only necessary to fit a suitably operated valve or door at.'each /end.. 
It is an: equally simpl Sag! og eal an rovide the. necessary connection | from 
the powerful pumps tothe duct, whether: itis decided: to utilize the circu- 
lating pumps, as has been proposed,:or whether other and more: flexible 
pumps are fitted for the purpose. 
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By the provision of short transverse connections in the double bottom 
between the duct keel and suitable wing compartments, arrangements 
could be made to pump water y what might be termed “ emergency- 
keel compartments”. for correcting. heavy—list-due-to-damage, the correc- 
tion of list being also a feature’of the Brunton system: _ - 

Reference may be made:to the fact.that’the duct is practically available 
for use in an emergency,;: even if-it-bettselfbadly damaged. Suppose, 
for instance, that the fore end is crippled. when-the forward compart- 
ments are bilged.’ In the ‘first place provision is madefor cutting off this 
portion of the duct from the remainder by a door or valve in the duct, 
but even if that door or. valve is damaged and unable‘ to be closed, it is an 
undoubted fact that. the head over the end of the duct/at the undamaged 
end of the ship is very. much less than the head-over|the damaged end 
of the duct, so that, by starting the’ pumps, water is bound to be forced 
into the emergency-trimming compartment aft, with a beneficial effect on 
the trim of the vessel.” 

Another point which may be emphasized is the fact that_the duct. can 
be used for the Brunton system, whether its’ normal service is that of 
filling and emptying water-ballast tanks or-whether it is used for work- 
ing oil in a vessel fitted for burning‘il fuel. Suppose the duct to be 
full of oil when the vessel is bilged. It is of little consequence whether 
the fluid pumped into the emergency-trimming compartment is sea water 
or sea water and oil mixed when the. actual safety of the ship is con- 
cerned, and there is no reason for varying the procedure to be followed 
on account of the presence of*oil instead of water in the duct. 

An effort has been madein’ the foregoing. to touch upon most of the 
principal features of the form of keel construction recently paterited by 
Mr. J. H. Silley, of the firm of R.& H. Green, and Silley, Weir, Ltd., 
jointly with the author, but there are a number. of. points in favor of the 
idea which could profitably be dealt with at greater length, and others 
which have not been-mentioned.—“Shipbuilditig and)Shipping Record.” 


THE. CONSTRUCTION OF SHIPS’ LINES. 


In a valuable paper on “ The Design of Lines and Some Considerations 
of Form,” read before the Newcastle Branch of the Association of En- 
gineering and Shipbuilding Draughtsmen, Mr. R. Allan, B.Sc., includes 
some useful information in regard to methods facilitating the preparation 
of ships’ lines from previous successful designs. 

Fig..1 shows a graphical method’of constructing a body plan to give a 
required displacement when the new vessel is to have the same block 
and mid-area coefficients as a basis vessel. The method of procedure is 
first to draw the center, half-breadth, base-and load-water lines for the 
mew design on transparent paper or cloth. Then draw in. water-lines 
corresponding to the*water-lines of the basis ship at a distance apart given 
by original spacing multiplied by draught of new ship divided by —— 
of basis ship. To obtain the offsets for any given water-line, say W:lu, 
place the new body-plan outline over the basis ship body-plan so that 
points O on corresponding. water-lines coincide; then slew upper plan 
round until the half-breadth spot, W:,..on the new. design lies on the 
half-breadth line, W:W, ofthe basis ship, as shown. Project down the 
various water-line spots of the basisi:ship as at R, S, B, etc. on the 
water-line Wil, by lines RRs, SS:, BB,, etc., parallel to W:ls on the new 
design. The case illustrated is for a new design having a greater breadth 
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than’ the ‘basis vessel, but if the! reverse be ‘the ‘tase the! procediré’? $ very 
Le bo the boty plan, of the: basis ship, being’ in that” event, ‘placed? ih’ the 
ne fi Titi ron ve 
Another graphical method of doting ‘he? saint pas in 
Fig?22>'In'this-“method the’ new ‘outline budy-plan’is p ‘the hasis 
ship ‘ body-plan“owith the! fe uf ing,’ So that! ¢ 
water- lines WL and Wu.la are ¢lear | other by ie tot 
‘To obtaifi spots on WiL2 Lt a a Sore by 
ares oe 
uired: ane at sepa ee 4 
giveta tet 
eurveiids the: basis ‘vessel: '' ents: mek fo ue intern 
design of déstréyers; criiisers, ' tea cae 
area curve of the basis vessel has heas fount! avery” good one) |! 
placement and an ht being fixed rey therefore the block peas hs the 
same prismatic coeificient and therefore)‘the sanie ‘sectional atea 
can be kept by simply modifying the Gleaces coefficient. As an cxiliple, 


suppose the basis ship. to: have ablock: eoefficient of 160, mid-area reed 
of 188:and> nen coefficient ” —_ ants: the: ‘block ‘coefficient 


PEt: OMe GH 1 fi 7 at ' 
os BALIDTIOMM! : {11 99 














Fig. 8.-- 
for ‘tid’ ned ship’ 46! Nel ol Nie ‘iifd'aréa! Woetticiedd Por tHe” isi 
keep the prismatic coefficient the same 4s‘for the basis ship must therefore 


<2 -= 865. To draw the new, ship's bodyyplan, first design the mid- 


ship. section. to teritest shape.and , ny ari ity a te 


gr wa lines. on, 
sue of: ed Myr iire: the; two,; Pes a in, tl 
pe ext, 40: E iainl ie se ENE ol nt 


in the basis ‘ship alter the offsets oft! the Pasis pe in acy monroe 


ano the 


This may be “quickly performed. gra hhicafly as ‘shown, Fig, 3,,. It.sh 
be Tre that the offsets for any vie water-line mae ‘in the pro- 
portion of the aetna half-bréadths of that water-line’ at" the‘ mid- 
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ship section,.and. not, in the proportion ofthe) half-beams of the ships as 
was done,in the two, methods previously; described. 

When limits of parallel middle body permit, the methods illustrated 
by Figs, .1 and, 2 can, by, a re-spacing of the sections be, extended to cover 
cases Whe the, block coefficients are different in the, vessels under:.com- 


a rison, The procedure in; isnch eoses Besisieeedin ‘been described in “fhe 
SB tor 


fisets for standardized lines based om the experiments of Baker are 
given. in, Figs, 4, 5, 6 and 7. ‘The offsets are for the load. water-line and 
three diagnos plage as, shown in, Fig. 8.,:‘The prismatic coefficients for 
the fore .and ies respectively, are selected to -give | the. required 
lp dinal, position, for. te center of, iDusyaneys To. enable ‘this readily 
done,.the pyres of the IS Comte of buoyancy foreach body are 
included in. Fig. 7 od. of, procedure is as follows: Suppose, 
for example, ship 400. feet Ting with center, of, tuovancy 3 ae feet fonmned, 
an¢ total prismatic, coefficient. .750: 


26° 4 bo ‘a 
0 00651 forward or 180. (4). bre: 


bier oftry :765 forward and .735 sftinic 
Reading from curye of locus. of C.B. forward at .765, we find CB. 
to be .3975 of %L, forward. Similarly at .735 we have 3785 of YL, aft. 
Find difference in moments: 
-765 ats .3975—=.3040875 2-1" 
735 at \.3875 == 2848125 
1.500 019275 
os = .01285 (=) forward, which is approximately correct. 


An approximate rule is as follows: 


CB. aft or Soa seit of length _ 
Ya length 


Amount to be added to or. eneacies ‘from mean Cp. In above example: 
2.6-+ .40__ 

200 a 

Cp forward = .750 + .015 = .765 = : 

C, aft =* .750 — .015 = 735 ; / 
which in this case is almost identical — 3 tbsas Shipbuilder.” 





FESR FTE IGE LUBRICATION AD: 
‘LUBRICANTS +: 


‘IBY “PHL Contwanson. © 


The main consideration’ iv’ the ‘selection of ‘oil for the various classes | 
Of service aré’ not’ well understood. Too much weight “is given’ to 
vague‘inferences as‘to the relative value’ of viscosity and’ flash point alone, 
without. taking into consideration many other important factors; and 
while Mie is true that'-some few ‘engine’ manafacturers “have conducted 
exhaustive investigations. to determine just what, particular, grade. of oil 
— 


*See article on “ Some Technical Aspects of Shipbuilding Contracts,” July number, 
. 1915; No. 59, Vol. XTIT: 


From, a paper, ‘before the American Society, for Testing Materials, 
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should be used: by.their engines, the greater part of: the:work:of. devel- _ 
oping -suitable,-lubricants. for) :the,' various combustion -engines: has been 
done..by the refiners and dealers of, oil, 

‘While. the: determination. of ‘viscosity—that i is, ‘body or cotsistericy atia 
given temperature—is one of the vital tests usually applied to pamerce see 
oil, for _internal-combustion. engines, it\ is of. importance only! when, th 
user-.of the oil, is thoroughly -familiar with the characteristits . of the 
different: crude oils..of ‘which ‘it is): made and-is sure that.the mechatiical 
condition: calls; for: these ,of!.an oib having: the )stated viscosity... Two 
oils. of, thessame viscosity, made: from different crudes, may nena quite 
Citentitiy mgs identical working conditions, :|' 


VISCOSITY TESTS AND TEMPERATURE, P ir 


The: ‘determination of viscosityofan oil, 'to.he'of the greatest value, 
should; be! made’ not: only at the lower temperatures, but: sine near. the 
temperature of its use: as: consistent. On the one. hand; ian ail sof low 
beers: San be preferable, since it absorbs less power pe a) thi¢ker 
oil, in ‘the! separation of | metallic surfaces; moving: at:a high — over 
eachother; in other words; high viscosity means. a high internal friction. 
On thesother: ‘hand, if :the:oil:1s:'too, thinsiti igemofe easily displaced from 
between’ the bearing surfaces, and a heavier oil might. then ‘be preferable, 
as: the: engine» will ‘be’ more flexible at low. speed; owing to: better 's 
and sess’ leakage. Therefore; :.due: consideration;must: be givem to: the 
influence'of temperature: onthe: viscosity; and ‘to, the eonared of select- 
ing'the proper gtade: for the service! required. rf 

Owing tothe ‘comparatively high: iteuhperaaiiné undedl: ection condi 
tions, there generally is no trouble from the oil being too thick«/when 
once im use; However, an’ oil «must; :possessa degree: of 'fluidity:.at ordi- 
nary! temperatures—which» are influenced: by:: climatic: :conditions-stited 
to the method:of supplying ‘the oil to the:working) parts, ; $0. as. to: obtain 
proper «lubrication: ‘-at / the: starti.' A” lubricating: system’ exposed 
pipes, especially a forced-feed system, should have a lower “ cold-test” oil 
to meet these conditions; while in a--system where the oil is carried 
in a pump integral with the engine crank case and where the supply 
pipes are not exposed, all parts of the; system-quickly become sufficiently 
heated to promote a positive circulation and an oil with a higher “cold 
test” may be used with good results... _,., 

The’ flash point of..an oil is of na, parti itlar ‘value. after the eit has 
once entered the explosion. ch +) wher: temperature is. consider- 
ably ‘highet than that of the sh ‘point. jevertheless, it, is, important 
to use an oil of sufficiently high. in, for re s, a sonar ay if; for 
no other, to resist the vaporization w bag e ipa ond 
in_ contact. with the highly, heated Po ace; of, ‘the piston 





atts below ‘the pst ton, . ih igonsidering Bi it: is .well, to, mat chat 
t ag 


with ‘many. oils there is little connection een, the gaqporation (heat) 
loss and. the, flash. point. , Laas igo has. ihe poses while, foniaile 
may hayé. the: same flash. po; ae percentages. of peck loss.at.a 
given temperature may. Re ae erent... omc 

€ ckabor gato. iy ing geet in. aie aying a.low.; fash. po 

Obviously, rich whe subjected: to.an.e€ sation teat at a 
pest teenie, sae the least ott ap Mi pine thee ; has ..been 
0! or e , treat- 

ment is he tech pcet desiable’ or ibaa on or. int athe. hr, the eae Sear 
Therefore, the evaporation, and oe ation. tests, offer a. promising. sans 
of gzamining the ait il. and. eae I ShanaD that develop in, different oils 
under similar, conditions 9 
hgh consists principally % or poe or of Goupounds of ‘carbon and hnydro- 
At high, temperatures, these , aa ioe decompose, forming, vol- 


stile hee rbons,. or ‘carbonaceous. matter, 
and free carbon. aahis Sas Be Pei up That be due to improper meth 
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_ refining! or:'to the mature:of the crude’ oik»:Onty the imost) highly refined 
and! filtered: oils “should be: recommended! to meet: these! coriditions. : 

Much has been written about the) carbon! mines of the: oils tire thie 
class of: service.’ The carbon:in-alloits ican be: fixed by driving» off ‘the 
oil ‘vapors (without addition of-air),' leaving) a ‘layer of carbon’ deposit, 
ealled> carbon oresidue.; The ccondition>:of ithe: carbon: formation ‘in the 
cylinder ° is'<sortewhat different from that/! fomned in the carbonsresidue 
test, dne:toothe!faet ‘that inthe ‘cylinder the oily is ‘spread ‘out ina -thin 
film on: ‘hot. metal) surfacesyrand: exposed | to »the~ burning: | gases’ of ‘the 
explosion; which: may ‘carry »willely ‘varying: amounts “of en! to “com- 
bine with the oil. Also, the.amotint of: deposited *in) the: bytinders 
is governed by the amount. of oil reac 1 ¢..explosion chamber, and 
ma: he end ¢o0 a of bey extent upon t lanical fit of the pistons, 

gs and cylinders. ° It!is expected ithat ‘some ‘oil! wilt fiidhits ‘way 
into’ the eombistion space, but it is assumed that ‘it! will bet burried cap 
satpi depositing: an exc excestive famount: ‘of carbon on ' ‘the’ vane “walls 
‘an tonss!!! 19° 

One of the most injurious: wfleuts: vi anptbpernlabrieation:| is nse teenie 
tion’ ‘of: this: carbon | deposit-around»and under: the:piston) rings:|Suchsa 
deposit» sdon ‘renders the: ‘spring rings» mosey oeroe ld they:: — partly 
fastened: in» their 'igrooves, ‘and! m» this ‘condition form: one! of! ithe »most 
prolific'catses of: cut and scored cylinders: and: broken ipistom:rings> :|One 
of! the causes of this'troubleiniay be the>use:of>too ‘much: oil)! From ‘the 
result of much “mvestigation: along>this> lines itahasbheen conclusively 
demonstrated that an oil with the: lowest? catbon’ residue; other » things 
_— om wilt teave —_ orate alee: deposit in: the explosion 
cham “iy 1 

iba connection with: the! ‘physical. abaventettation of the: caiton: sdepivaltc ‘it 
is. of: importance: to.iselect) aytubricant: ‘which «ledves/a-loosecand flaky:.or 
softicarbon deposit; casily removed; rather than'\one leaving 2 Satan, 
hard; ssn ‘diffictlt -to2 ne International aw? repo % 


3 “Tost DIESEL, ENGINES. ites 
“We hove penile published on several oécasions intorfiatios thdidat 
ing the rapid’extension whith’ is ‘being mae in Allied and’ neiitral. aan: 
5 in ‘the internal-combustion engine’ industry, es tally ry re : 
wotk is/concetned, and in’ this respect, the pai bi Raith Teas 
a oh ors ‘Keepin; ton ‘with ‘their ’ St belie muvee técord of ata torn ur Telan 
development’ o P tos: 
oO Meek Franco’ Tosi have’ as a bal ite | thesia et git 6 og 
being See area eevee Zs Hing, i 
cylinders, ‘about orsepor we loped 
Hitherto per. cylinder ‘is’ rg tl "45 BHP’ pid Bur na th  Neflat 
piper pet cylinder’ bein 400 BELP. a ti 1's ie moh: ized, 
considering ‘that’ ‘the engities' comprise ‘besides ads peas ib and. power 
generating stations, ‘déts, ‘marine ‘engines b- 
le 


Ding. aes; matine eitines for cargo Vessels, ou 
ee a oat ea eee 


is 


engities “*marine ¢ 
have! Ndidbe’ conecnan 
of a Sa) being . a cd og 


Traits ‘Frarico’ Tosi have’ decided | t ig ce ie ir if: a8 
cycle engine in’ the future, for, ‘the 0 of: opinion jon that if aaa i iife 
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is:to be-obtiined ‘fronr the’ two-sttoke’cycle type'as froin, its riva 
vantage of reduced’ space’‘and? weight whieh it may’ pssese''d 
Advocate’. of thé two-stroke cycle engine ‘give 
reasons “in ‘fdvor? Of this’ type" f engine,’ the'-gr t 
we ne ee ‘gi eM sts. i 
is‘ advantage” y! ¢ 'at'ithe experise. Of : 

ereabes feof thd cylinder, bit heads ote oaetae F¥ot 

the combustion of: the latget quantity of ct aera for the increased 
cal sie aa Fatio “Of ter ho ate Beane f fuel ° 


in oh ont aera) 


power hour seine ett greater in the tw 


fuel? 
cle th 
le en oTh ‘ he 
Se see 





voloriof'the ee ae bent er 0 6 itp and i is 
troubles that have beer" Ae no two-stro 
nlt follows, therefore, teenth 
the ‘same ssize Of der! “ain have! i ter: life” 
frequent ‘overhauling that’ di engitie aoe Ags cy ie 
fact’ of *great:importitice rigt! onl 
propulsion ‘which ‘nitist' rén: Peat 
but rah: for ‘the’ lighter! mg os ‘of’ oa 
although on Ot required to’ tu 
jectéd'té high ‘strésses. * Colts . 
with the! two-cycle thgine; rte 
design; °material; Monell of the | eyttader aay 
difficulties: Cape pees THelmodern 
edly more''r than the’ older’ ‘types, Ot ka 
service’ for ‘tod’ mck atime? for a definite’ jolene 7 te 


arrived at. On the other hand, rapid’ ne a ‘also been 
the’ design of the Geeroneph 2 efdle' engine Prendlk ay yea on 
satis coh 

= 


factory service at’ fall’ oad ‘have’ ees 
in: atother way,°if an‘ equa dal life: i$! “Tort bot 
which is’ what’ is* Called * for’ ‘in’ 4 bitty arine 
quantity of fitel? shvi a it bath types “be. constmed i ree 
given size in “Orde? ‘to condition? is 


Ree ii ae 
adhered to: the °r, ie will he that et wil “aes developed’ 
both? with ar bing Soren rely engi cada ee bi 


OThe crosshead’ ty type of ‘constriction has beet Meats To 
for all slow-running engines, both my ars Sete sr 


the trank piston design.” fief of te tiue Balk 
are simplicity,’ “igh itacis | att eth wy Ma oes 


this is reuni 
teintey oo belwelas sion’ and “comi- 
bustion ‘on ‘gide® and: ere etal thes Oxitnate 


pheric preapene’ On seer calites taking oy ws beni N $a 4 


sein ‘of "a ’erosshead chr 
afigulari Ss, the?’ Soo hee en ati a 
rings lose: 


in this ad 


poo as “or 


pest ryt 
a of pi 


jon also, ior Sareage 


t ese pistori: eae 


ga’ more reduction ‘in’ is Tubricating chine than St ise 
be normal use e€ consumption of lubricating oil, also, is high, ‘duet 
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_ the oil which is splashed. en to. the, cylinder,, walls, finding. its! way into 
the combustion chamber and so out, through the exhaust, 

In the present article. we, propose, to. deal with; the,,standard Tosi slow- 
speed. our-stroke, cycle, engine, now, being constructed,’ Aor -:Jand>-and 
marine work, of Vangedt sizes of cylinder ‘units, three, four, six and 
eight, units. going 2 make. up,.the. complete | engine,. according’ to: the 
power: required. or a. detailed, escription, reference, will. be.made. to 
igs. 1 to 4, Of these views, Fig, 1, is a. longitudinal combined, elevation 
and séction, while Figs. 2.and.3,are two: cross-sections, one through a 
main Barasg and one. through the ressor,, Fig..:4 is a-section, toa 
larger scale, through a main eylinder showing ithe inlet and: .ex- 
haust yalves. 

As, already. stated, the engine 4s, of. the four-cycle type and the: six 
cylinders -are approximately 17.inches diameter by..26 inches. stroke,'-de- 

veloping 83,5, brake horsepower per cylinder, or; 500, brake horsepower 
t in the. six cylinders at 180, r.p.m. . The. piston, speed at full speed. of 
revolution. is 780 feet per minute, and, at, fall power the: corresponding 
mean | fective pressure is 62.5. pounds per square inch. With a-mechan- 
ical efficiency of 78.to 80, per, cent. this. gives an indicated mean pressure 
of about 80. pounds per square inch, which, ms a moderate fi ig: vallowing 

a very, desirable poste gin for contingencies and,making poamnle the: devel- 
opment of the B.H.P... well. within. the. capacity. of, the. engine. at..a 
lesser speed of revolution. thse the d desi tals at figure of; 180. We ‘hope’ to 
Repel at.an sari. date. the result, of, trials: at.sea of. engines. of this type. 

e piston ‘speed. is also..moderate stroke/bore ratio. of 1.55 gives 
ample. room. for the accommodation of ae valves ‘in. the. cylinder head, 
keeps the height: of the engine within, reasonable dimensions (dismantling 
as will later be explained is largely, accomplished from above -through. the 
cylinder), and. makes, pin cif # required, ithe. built-up, type of :con- 
struction for the main; crank 

The engine is of the slow- ee chelosed, Pins forced-lubrication 

, and presents,.a num eos novelties in: design.. ‘The main, framing 
follows land practice for Diesel engines,.. and, marine practice for. steam 
engines, in that ga 2, cylinder with, its framing. is a separate, interghange- 
able unit... The. ja ket, framin guides a8 e cntnrnns| are cast, in, one 
piece of, grey. cast, iron of outta t scant! $,to carry;,the main: :tension 
stresses. of the piston load. unit igh up fore.and, aft, andthe 
whole makes a most gigas, sa A al ough: somewhat heavy,.,since no 
throu b holte iy att mea A load. The, whole framing 
is ‘enc t metal 

chai “Sinden and theo po die ta 5 ate, machined at the one 
‘ Setfing, as is: pins Romapee practice. w ith land work, :this; making for 
lige of construction, and ensuring aay, . Into, each outer syiins 

er casting a liner cat special. ifom: is: pressed.,,: 





e (liners are 
special design; , having, a. spiral;.rib. cast, .on), the outside, in Seti: the 
hosses., for the. cylinder lub: ication | c epi are, incorporated. . The 


Paige of this. Rie) rib.i 4380, ,to, give. to periae i ong Laney bine 
¢, jacket., ite Dp high ity, : ets and, en- 
suring, equa eooling. nee Jof this, hee ee m vhined and fits, into; the 
jacket,.so ie os the 6.398 and reducing, the $f ed... Bac 
frie is. anchored, at the, top Foc and is ye to! sping at, the lower,’ the 
water joint, at the lo bl end being made in om. noua, way. 
In regard to the test of the pea ie ty ming, a bed: ‘ak (3), 
these can be said generally to: follow. caine practice. ‘he bed, plate: (3) 
is framed of, two. side I ms, . with. box-section .cross girders. carryi 
the main beatings totally, enclosed, to. form,a.sump for: the lubricating, oil, _ 
as_is usual with forced-lubricatin; eae 0 The. bed. plate, is, not; supr— 
1 


pened, «tg the cil ithe cross, girs rs ng ¢ of, ample section to trapsanit 
e 10ads.. : 


G4 


! 
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To.turn to the.main. xunsing. wits of. the ne, the) piston .(4),.piston 
rod, crosshead, .conn wie and ads (2). The, piston is 
quite. shallow, , since “ey of side thrust, to -be pe a oa it!.is fitted 
with ten, es Aid cast. iron rings to, ensure. gastightness.. It is, con- 
nected to a. flange on fag top .end of the.hollow. piston . rod, and, is; .de- 
signed. for oil coolir Earlier Tosi ines. had: water ‘cooling. .of the 
main, pistons (see “ gineering.” July 24, 1912),. but, oil..cooling, .with 
this, special. design: of; piston, is now, 1 Sanier dined, _In the piston. crown: is 
a. spiral, passage; for, the, cooling oil; which. is delivered. to: the center, of 
the. piston; oes hottest part--through a central pipe in. the. hollow 
piston. rod, then, round the. crown and discharges out of the piston 
crown down; the o ‘aie, of this hollow_pipe and so. to the cranke 

It is. claimed. for method that the e end of cooling. is exceptionally 
high, and so, in spite of the low specific heat of lubricating, oil,as com- 
pated with. water, satisfactory fae are. achieved, and; the risk, of \car- 
bonization of. its oil is yery, mu uced, The ghieston.t to water, eooling 
is the danger of rape of at ‘contaminatirfg: the, lubricating oil wit 

most disastfous, resu the main bearing surfaces... A very small quan- 
tity Sf Pies! mixing, ‘ith lubricating. oil, greatly, reduces. its lubricating 


On t the other hand, lubricating oil i is, a, high, riced commo » and. with 
all Diesel engines. the consump Os is. relatively, high, tment nore 
parison with turbine, machinery, Using lubricating oil for... 
of cooling; the pistons tends to lessen, the peeial fe of. the oil, mond. if if 
the. . Suppl to fhe piston . crowns . should. :be. intermittent, carbonization 
rapidly takes pl ace. 
he crosshead, Fics on all. Tosi engines is oh nusual design. With 
all other designs of Diesel, engines the type, use a AND top, end. bear- 
ings, the gudgeon pin being fixed to the piston rod: Osi engines 
the gudgeon pin is fixed in the connecting, rod, and the phi bearing is in 
the piston rod... With this type great eare has tobe exercised in the de- 
sien Rat the connecting rod to,ensure a_su: eer section ‘of the, fork to 
ow for the bending, moment, consequent, upon, the piston. load. and 
Cipectally’ is this, the case, with, ‘a, connecting, rod. drilled: fe forced lubri- 
cation. 
‘The epanestiog, rod of, the engine itfustrated is. te atively short. being 
3.8, cranks, and to minimize the side thrust on, the: guides. the, center line, of 
the, cylinder, is ee hy out of line with; the; center. of, ‘the crank. shaft, 
as will be. seen on reference to Fig, 2: ee fe cig of the. Tosi 
cross-head, however, is the gudgeon Dip, which, bess a: rag top 
end bearing, is pressed into the eyes of the forked c connect: ing, #04, 
side_ the, gudgeon pit , es is keyed on... The. outside o thie 3 
forms the beari i ane ace, prpund, is sleeve, are. the usual ‘bearing 
bushes let into. eae? of fhe, vis Adiuspment for eZ is, a 
by the s wage-liea Pips Provide eh a. locking Ang Pista own 
in Figs, Phe gudgeon-pin. bearing is, force bricated: ‘hom the 
main sept ough. the e drilled” connectin mineching: fp The radial slippers, of 
the Lge id ate Sache to the. wise sia and ‘work. i in. the. aioe eid 
for ahead and one for ater at pg the framing as gady. de 
scribed. Re sr for ‘adjustmen the sf pers or guides, are alba ed: 
“With the typeof tat action’ sass ed the wor rking iar ei of the to 
end bearing is reduced to the taodeente Sapes Ao for opeed Ligabr nn o 
1,600 pound: s. per Hig oli inch. without, an unduly, long. pin be: 
so, minimizing the bending momen for wl, the forked. en dof f the 
samy rod has to be desi overall dimensions. ah the « Poa 
head and. slippérs are such at, ; Ahh the. bottom. ae discon 
piston, a crosshead and, connecting rod can. be. wit awn mM, he 
tackle | me cylinder, The ustial method. of 
parts with Diesel, ,engines is to withdraw from, below 3 “hak. ofte 
described in these pages. ©. 


or 
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‘oMedess from “below to: adjust main ‘earings, éfc.,’ ‘4$'' provided Be h 
ihe sane ‘efank Sap doors! Thé ‘chief concern’ willbe ‘the: \proceduré - 
ted® in order °to ‘clean ‘ot renew’ the “‘yhai Pitta by &5* which 
réquire ‘a 1 carta ‘amount ‘of attention, depending onan Of 
-furel “oil by sine used; sae ‘Tf a° piston | Cah ‘only’ pes Seed Neri 4 
top the2tylinder “‘hedd must’ ‘Femoved, pee ti mn rete 
the’ cotitiections belon ging to. the, cooli ter’ ae Dt alin: inj cee 
air)" airsuction, hast, ete »Sigthe OF ‘these’ at pth 4 
tions’ atd better left tindistirbed. Sate haat pea Of the’ valve 
also’ betomés HeGessary. On the’ ‘oth oa aff" the” ‘sisters 
from! below often “means: a” higher onnetting-¥0d: “bortom is 
fiot' of the ‘ihariné ‘type with palm’end, ‘baie is ‘as “shown in’ Fig: 2g, which 
design tends to“redtce | ae 3 wae? fet ‘sa facilitat me cofisit Gfation of 
withdrawal through the ‘ey :t 
sPhe! crankshaft for’ ‘ak nae. "ot Ae wk two pistes t al Sik-thrdw 
shaft? for the main ‘erig: pee er for the lett Forced | sot eat is 
porte erent ma pes e _ Tt! fc ome brication. 
€ lubricating oil is éré €. “mi in Tassie 
along’ the crankshaft ' to' the ‘crank’ pis; ‘up’ Pe, “corhecting * igs 
gudgeon-pin. bearings, through. re g' e in the hollow piston rod’ e ine 
piston, ‘and ‘down ‘outside this pipe e crank Chamber ‘and’ to the. Sump 
itt’ the Bedplate from ‘which the’ Brice fg bil’ pit hei “The' pressures 
‘at full’ piston‘ load on,'‘the ‘ctankpin ‘and maifi’’ ‘work ou' Hes 1,100 
pope oer square inch and 340° pe pen rf er ‘square inch “tespectivel 
The ‘cyliider ‘head Of ‘cast iro § ‘five ‘Valves, ‘the | fue i njéction 
valve (6), two inlet valyes (7) aad e two cen valyes,-(8). vision 
of two inlet and’ two ‘exhiatist valves abe tee this ‘ size of 
engine, ‘makes ‘easier’ ‘th Sec fe pass ige. for the’ air and ex- 


hatst; andthe’ fact of’ hive vel Gin" ca of’a single 





valves ' (See Fig. 4) "have aan iron’ bc pets the n to Sted tems, the better 
to tesist the ‘action of th ae the’ salcciy & as he He aglvessbiidle 
guide front, 'the' action’ of “véloci ty Bases 

arrangemefit of ‘the’‘valves 5, q is "follow normal’ bi Bis in shai ey 
are not housed in seperate cages,. but. seat direct in_ the. cylind ad “hea 
Valve, removal” “Fedulir ‘es ‘the! tt “ the’ svi indé t head: ‘indy ad: ie aa 
valve ‘seat ‘Tequires the fi age hes. The: kasting. Of: the cylin 
det fiead is, however, ‘simpli By and the agli. of the exhaust passage’ 
the’ water circulation is’ more direct. “T! Ive’ springs ate néatl 


housed, ‘although | inspection. of ithe® rites Tequires: nia of” the 
valve driving gear." ie ip Bie nw 
‘The ‘inlet’ valyes’ ‘draw | Ae a ron “the enpime ‘ 


hi 
shown in’ Fig. 2, through a pen iz.” fo th : he nde nil ei 


larger one renders’ Siieeesssbys ey of the ‘exhaust valves, “These 





the“wor pistons” and’ oeitten® r of. the ¢ 
The undersides: of the''pistons are’ gauiletly, he he datas 


nd ‘gee Pk 23) €. of. the crank 

footetiea. w ih cat cabs Be ie oh eon with ce ae inter ins 

gines, is ‘most ‘desirable. Le cating 6 mixed | with 2 

certain ‘percentage of fuel’ Ss ie ay fiatee Hien rings sing Other: 
of ‘the tubricat a n fhe crant chamber. 

Leak-offs ate provided ‘for ‘this’ oif as: shown, ‘and: %, ertain Cases, after 

filtering, ‘this oif has been er’ a 

main cylinders atid’ of the’ cc ; being coup 

this common pRke: aa ses 

engine room S‘to a ete e 

a drawn | into iw eptnag st ‘and ‘co: 

‘tO somie ‘éxtent, ‘and. although not ‘6f"mu ice 
‘ea n cylinders ‘are’ Concerned, is aie a aT Comstaible featiir 
pressure ‘compressofs (1,000 ‘potitids pet square inch aati. pressure). 


wise cause contamitiation ‘¢ 7 
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The nature o ihe iping between. the exhaust manifold (9) and the cylin- 
der heads ngaybe Seen: Beltige2. Allowance is made for expansion, 
Orting feet of the am patiet pipe are -slidex, The ex- 

haust pipe is/ water-jacketed, w Peper ion _doofs opposite each cylinder. 
The valve gear is of _design- for— four: €ngines,-the leading 
consideratiay vitig facebty of ofeversing ‘and..of-. afistonnecting 
othe Guat’ Giri ies ae fe adel af I 

e camshaft (13) eve e 460s, and is driven by 
spiral gearing” ee crankshaft. There: are: two cams: for each set 
of valves, & @., one fo as nm is trans- 
mitted from each coke ‘to a: “lever, ind- from} the lever mounted on the- 
eccentric fulcrum shaft. by a Det feds to thie adjustable 
tappets onthe ks oO the ‘valves. “Driving out one pin in the 
end of each pull rod iia cylinder as the ae gear, and on 
re-assembling® the. gear ae oT cc in_exac rélation to the 
crankshaft. . The ° ofl bath (a). and q lubrication 
is proves for the See é 

Two tandem compile 3, ~~! Weill be_seen Actin Fig. 1, are 
driven from_a‘two-throw can aft "coupled: to the ‘forward-end of the 
main six-throw shaft, «These cranks are at ‘right-angles to €ach other. 
The forward’ lower~cylinders wre serves-to cOmpress aif for auxiliary 
purposes to a pressure. of 60 potinds:to.70- per s eas and for 
startiig the engine as. later np upper. cy tinder is’ the 
prone Tagan inder of-the three-stage. compressor. . after 
tandem cylinder (15) iz the low-pressure cylinder of a compressor, 
and also @ starting x finder, while the this beoha (16)~is the intermediate- 
eressure cylinder. oe pga oA ressure fuel-injection air 


18.75 cubi¢ feet.per. hour: per horsepower of the main The 
compressor is provided’ with*automatic: valves; as at“(22) and (23), to 
all the stagés, and intercoolers reduce the temperature of thée:air between 
the stages of compression. Fig, 3.. 

The design of the driving gear, crossheads ‘and so forth, is, exactly 
the same as for the main. engine.-_At the forward end of this tpuctirow 
crank$haft and driven at reduced speed of revolution by spur gearing, 
are the forced-lubrication ag kage pump, cooling-watér pump, ~ y 
weree fuel-oil » and bil ee pumps suitably, grouped ped" together ( ). 

This reduction gea ng gives.the pumps_a speed” of revolution = 70 
revolutions pet minute, and so reduces the shocks of operation of the 
water pumps. 

One of the most interesting features of all marine engines is the ar- 
rangement for) starting; reversifig, control, etc. -With»the Tosi engine 
the main ier are not used for starting. The disadvantages of intro- 
ducif air to the. main to-give the first impulses are 
consi Sait. e expansion of air cools. the cylinder and 
its contents, whereas the principle Of ein = is to revolye oo engine 
at such a speed-of. sreoletar that the-heat generated by the compression 
of the air will i the injected. fuel. For this ster ae compression 
pressure of the eee is generally.governed by the starting con- 
dition, and be § mt be uch cponmngencie, sufficient heat 
will be generated at the Ra Be low speed of Fexolution attained when 
running on air to counteract the effect of the expansion | 
of the starting air and-ignite the injected ‘fuel. . For this reason a much * 
higher | ‘compression pressure must normally be \ than, excepting 
for the starting conditions, would be required. compressions are 
not desirable. Again, with slightly abnormal alee the quantity of °. 
‘fuel that is injected into the working cylinder before ignition takes place 
may be considerable, and may give rise to high pressures to deal with 
which safety valves are often fitted to the main cylinders. With the Tosi 


compressor is such that the ert: tne “ “the the ie ch is 
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engine safety valves are.notfitted, and as a g.air valves are also 
eliminated the cylinder head onty contains=th ie valves already enum- 
erated. A further adyantage, / and -a, ve dre verk tonshierabha ‘one, is that by 
carrying out the starfing. operation iwitho the ders a marine 
reversible four-cycle engine can be const wi ie four, six or 
eight cylinders, where en relying on. ger thod employing 
starting valves in the m ame plinders. 3 in ordei hey € to start from 
any position, four-cycle revérsible™ Smt ve es least six cylin- 


ders, From a manu ae indpoint h : met! table feature adopted 
by Tosi and used by one other - is a°most ¢ 


Starting is effected by admitting Segre ta “air, some 200 
pounds per square inch to the two d cylinders of the*com- 
pressor group. The lowest | pressure of starting air requisite to start the 
engine is 170 pounds. per’ € inch, The cranks are at 90 degrees, so 
that the engine can be Sema all. positio This ‘air is controlled 
by the piston valves as shown. in. Fig, 3, from the ‘camshaft driven by 
special cams through the bell-crank lever’ and rod (20 and 21). 

Immediately the engine picks.up on fuel, which, for ‘the reasons already 
stated, requires fewer revolutions thah when starting air is admitted to the 
main cylinders, ese ghey cylinders are*cut out and function normally 
as compressors. be mentioned that a storage capacity of starting 
air of 1,000 Gers is a ficient to reverse the engineé*18 timés. ~~ 

The same hand wheel and gear controls the fuel-injection pumps (25), 
which are driven by ae gearing from the’ vertical shaft driving the 
overhead camshaft, are six in mumber, one*for each working cylin- 
The po Ble oo a so. timed that the delivery stroke of 
each pum n ead -fuel-injection valve is 
closed an raptinder ht ist valve is open, so that in the event 
of a fuel injection valve up} sae charge.passes into the ex- 
haust Pipe, and the danger 0 due to the combustion of an 
accumulation of fuel within the arid cylinder is obviated. Hand 
adjustment. is provided for each pump,.and an ‘emergency governor cuts 
out the pumps when.the speed of revolution, rises to 15 per cent above 
the normal. “Reversal is-accomplished from the same control (24). The 
cylinder-head Valve-lever fulcrum shaft (14) is\rotated, lifting the ahead 
levers off the cams and depressing them on to the astern cams, and also 
altering the setting as required of the piston valves controlling the en- 
trance of the low-pressure air to the two starting cylinders. Sight-feed 
forced lubrication is provided to the main pistons, 

The engine described is a reversible marine engine, but in most par- 
ticulars is similar to Messrs. Tosi’s land engines. The principal di er- 
ences in the ease-of the land engines are the elimination of the reversing 
gear, double cams, bilge. s, and the provision, instead of \a safety 
governor, of @ governor to ‘charge of the engine revolutions. For 
land work, since the engine can be pare round into position for and with 
only one compressor-is r ined She bilge pump is 
certain installations ~ cooli eb cg tan 2 

As. already stated; in considering the design 

weight has not been deemed of prime importance, and 
some 7 B.H.P. DEE fon, o#f weigh S10 powmts Dee. -beake: 
veloped. Nip weight for the total equipment: 
B.H.P. engines, totalling 1,000 B:H:P., is 165 tons. bp ob i bi of 
fuel oil “thes between, 0,42 ‘pound and 0.45 pound opine aux. 
hour, depending in some measure upon the Sigrid cape ‘the aux- 
iliaries driven by the main engine. The lubrication-oil consumption is 
between 0.007 pound and 0.01 pound per brake horsepower hour. 

The engine will fire regularly at 40 revolutions per minute, at which 
speed the compression pressure is 450 pounds per square. inch,.as against 
485 pounds per square —_ at 165 revolutions per minute, One reason 
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for the:capacity to tun at such:a reduced: speed) is ‘the! faet:that ithe phase 
and duration of:the fuel-injection period can:be lated according: to the 
speed:iof the ¢ngine; and: iat low» speeds: the quantity ‘of | fuel-injection:air 
iso Teduced | ands the “cooling :effeet | of; the excessive | quantity: that: would 
gn cylinder, : mepre ine! canoe ats nt perpen oreniied Ade! entirely 
—_ phan goroen a [. wery sealetetma 

yrrndy it ATDDG oemioilidi 9 2 


arige™ ‘PROGRESS IN TURBINE: SHIP ‘PROPULSION * bios 


~e ps barr 


’ yuan alo By Mf Frawers Honoxaepy roqoTqm 


‘Phe: catenoedioety dustcomia’ ok the stelann: sturbine in land: ptirpcees, 
abonit: entirely; supplanting! the reciprocating: engine, ‘rendered: the —_— 
tion of :-steam ‘turbines forthe propulsion of ‘ships »a maturatl: 

: Phe: Turbinia:-was built especially: to demonstrate the possibility of ‘ture 
bine! propulsion and was of::torpedo-boat: type, 100) feetolong,-9 feet beam, 
3: feet draught;'44:tons displacement, and was:completdd in1895. 

The: application’ of» turbines to: marine propulsion became: very ‘rapid, 
and the construction of the turbine as: —— tothe larger:ships called: for 
the. greatest: skill:of ‘the: designer;":in' regard):to ‘which; no 1words! of ‘the 
author could pay ‘adequate tribute.) In -1904 turbine: marine: propulsion had 
reached such stages that by the end: _ that year. some: 26..vessels; aggre: 
gating 147,000: FP.» were:in' setvice, : ‘created ‘enough: —oeent no lead 
George Westinghouse. to consider entering.the-marine ‘field: «” 

At his:ih rion the,late Admiral'G, W. Melville, U. 9.IN., ‘and Mr: 
John H. Macalpine, visited erent in 1904 to report on the marine situa- 


tion as it then existed, at interesting to note e that, in spite of the 


| the iréport) v nything but 
encouraging; | d any oppe ity for he | ste: m turbine for 
driving ships as ¢ ared with the existitig Ss cip procanig éfigihes, particu- 
larly in the &: s which ‘are; requi ati Ctuising speeds, 
and they sho aaa haar erior were ar Dit, Stal i$°ag compared 
with the reqiprocating-engite: ing ations \whe: sO Ope at ey recog- 
nized the sophie the, turbir xptess~ stean h always 
operated at ‘thei peed, and pointed ot their—tac : my when 
applied to med i “ships which compe of the 
merchant 
ciling in a geacti¢ 
oe wick tee tod . : 
efficient prop } wou glattiGand-the turbine woul 
practically de ot eciprocafitiy ‘engine fi ie | ptopulsi D of ships. 
Che seer blent Wald: ‘be 2. strokes - g: ag es hius,” and 
roceed: me! th femsélves: to hese th idby design- 
tag-a toothed nr C tt ee dapta! he. such “ders ca | ef ad > the now 
well-known’ oat frame;> My,” Westinghouse’ atNonc nized the 
onstructions.and Ahanghcohstderably delayed on 
imei: auf duc ig 
© pUU U ai, 
ee ia Ef 
iting “frame gear will be but little 
referred to here in view of the many articles that have been written on 


this gore by . she 
; ») fare lL 99830. Shite % ghia 
at Ria oi Naval Architects, ‘and 
Re t da! if ions! May 
and 16, 1916; Proceedings Socio ein 19 aa 28 and 
dated December 18, 1917; Institution ot Naval. hitects, 0 lay vn March 29, ot mm 917. 
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The -point most i freely; discussed: im connection: with reduction» gears: is 
the permissible tooth |pressurerper!litteal inchi-of tooth face) Unquebtions 
ablyrthe safe load ‘which: can; be ‘trariamitted ‘by the gearteeth is all-impor- 
tant, but:tinfortunately the ‘subject! has been: frequéntly regarded las: entirely 
iidependent .of/any other )féature bf the-reduction-gear'desigm “This-is'a 
mistaken view. The ultimate limit of pressure which the: teeth! can. safely 
carry has not been determined, but the pressures at present in use among 
designers are only possible with the--most accurate alignment. No com- 
parison of tooth pressure is therefore reliable without careful considera- 
tion of the methods) tised to‘ maifitain’ the unit ‘pressure iwithini the limits 
for which the design was made. of oa bearing design, inadequate su: P- 
port or improper couplings:maybé individually’ or‘collectively responsib 
for deranging the alignment, resulting in a concentration of the tooth load 
and, often! failure’ of; ‘the iteeth. It! is obvious, then, that merely to: limit 
the ‘unit tooth pressure: to: some: fixed empirical :figure for. all gears! in tio 
way insuses the: safety of; the teeth.-'On the other hand,:anything which 
tends to maintain the alignment of the teeth and. to iprevent concentration 
of pressute\is to. be:welcomed:as a source: of safety in the: operation: of»the 
gearing. It is for this ‘reason that the, Metville-Macalpine ‘invention of the 
I-beam ,support for the: pinion bearings: is so‘ thoroughly’ justifying! the 
claims made for it. :: The icloser this: mechanically-correct'device:is investi- 
gated; the more apparent becomes its most important furiction; namely, to 
maintain ‘automatically. avery uniform! distribution of tooth pressure ‘under: 
the most’ severe distortions. Sie the | hg a that cam occur in! the frailest 
roves en nd igid graphically \Tuaitpaed | Fi 
have been termed “iri Sosinet ih Fig. 
med oe alps carves ragire Tignes “bearing _ dimensions her been! com- 


+ ; me 
> ; CL 2 
par fee i 


ed fro: ent, Marine. tactice i 
res" 2 tndse’ sed by the beh 
pany’ for marine work 
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As previously -referred, ms the: géar, hg permitting» high turbine’: spi 
anh shupglities site tarkine desigh. It enables: a Bes: a. spend 0 be selected for 
the:‘tusbine ‘appropraté for: best. econdniy. ‘urthermiire; ‘it binherently 
permits a — of increased reliability by virtue of sensibly reduced 
dimensions he small high-speed seered turbines require few of the 
elaborate precautions in warming up ant ett nod in service that must be 
apfced with the Tange di turbines 
(ears May Tet ay) erartrane hr fiw pinion: 
e-screw stez rah ze ployment 4 whe 
s-compound | tGrbi higt pressure and alow 
ine, the ¢ 9 Se ping 1s. so rranced 
ipulation of ° 


orks poate by th 
confleniser, pr the ire ing be-isolate ithe Ipw-p 
ie ri hig p htis. -alfs king, no 
= < accidentis likely to so Ancapa imery that the 
f= 





cord of a 
‘knot steagfi inion 
ie ' Atlantic 
bisnete,-—— 


aa 


he -esneral. arrangement. of of_sch a in 


72 a ppt ND 


Y Jern skal ta > 


; Ka not only due 
ithe simplification 


the. steam corre- 
ES) anc ing to half 


tumpine elements, s ang ‘ a tie between 
beating’ , similar 
revers- 

ied manner to the ahead 

Siiitities as complete with one 


ity. cudse-compount! turbine installation with its double: 
pinion gest is Y mabe Vv the s1 complete-expansion tur an 
with keen competition will not be ed unless shipowners recognize its 
ifest:: 080>far ‘as: ‘the: Writer has; iobserved;;owners |,seem 
: ‘reli bili prob y vot 


:  discemsinate, Fates 
between: itypes': ‘of -nstllations having manifestly, ‘diferng degrees :.0f 
réliabilitys:!}0 lt 33 B9 ese olt ciiive Ip: Wor ‘ gid gs rom vwHoatib 


je ov 
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No doubt single-screw steamers! will frequently! be driven ‘by single com- 
pletée-expansion «tutbines, at) ‘least ‘for low: | powers. le ‘ofa 


-examp 
‘small-sized ‘installation, "1,500 H.P.;:is shown:in Fig) 3;and attentiom is 
Subs: “gidtaree to sare yd Vithdensy feegoraii: 3 raiesb j 
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called: to'some borides: hentdrond! Phe: ‘double: reduction-gear. Thre al 
arranged: one above the other with’ the high-speed pinion’ uppermost. This 
elevates? the turbine: axis: and ro nei the: ets to: be:located imme- 
diately: below ‘the turbine; p the exhaust to lissue>from -the unde 
side ofthe turbine and: idownwards to the: ‘condenset; mt 
simplifying the: rémio hotivaes One -end df! the turbine: is :carried 
directly upon a bracket ‘tagtal with the gear case, the other by:ithe 
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exhaust outlet being set directly upon the condenser. The condenser is 
secured by its upper surface to seatings, eliminating disturbances to align- 
ment on account of expansion of the condenser. 

There appears to be much apprehension in the matter of the on 
of turbine-gédted steamers, and if current rumor may be se rem 


there 
have been mafiy failures, which, with more careful design-or by em: 


the best “in ,the art, would seem to have been wholly unn To 
correct’ such-an impression, Table II gives a list ‘ = all : vessel$ equipped 


with. the floati ng-frame gear and eo selene tur’ . The table 'states 
the date on which the vessel entered th ins 


and_approximately the. miles 
1918). © 
Some: troubles shave : 
kinds. of there meet 3 
notes are ‘appended, aia stating the eharacter of’ at 


Note A.—U..S..S...Nepiune—tThis“ship was oe with two sets 
(twit ove single-reduction gears and some turbines having 
Later fe miceemern sean ori 
ae.” idly. ‘turbine machinery ~ “was ten replaced, and inas- 
asa i turbine owas conic trable,= flew | ears 
ving a_gteater speed. reduction were also installed at thie” time, T 
‘cared ~ its of the new gore wore very high ‘and are’ stil mach . 
A sdue-te: ‘abe eethh abra lite which 
laed. oil... /Since ‘that time, ver, in 
teeth at 
I indication-of wear. 
% Union Irow Works. 
ery; we were le 
sob carty-siieey sale Ta geaes ef store leds 
store. was set by the owners that nothing should go’ wrong on 
voyage, and as #here. was some uncertainty as to the excellence Of the 
tooth ‘surfaces, fard oil: was. employed~asa-lubricant for the first two 
voyages, after, which mineral oil was substituted for the lard oil. 
operation-of the machinery was all that could be desired for eight 
th faction which tt ae. Baers. was abrasion of the gears igne| aos wh of 
eee ed = ts ala and the ship returned 
rancisco_ Ww nothing. a One. to hinery“ex: an 
' the ‘oiling: sys eum: eet: “surfaces smotlied up 


the cies sq as to 
surfates, so! as to 











ed in 
going to~ Chile for: cargo and arequilie ter Itimor. cg 
there was an_accideht to an oil-cooler, admitting salt water to the system. 
The shipbuilder having provided no means of removing any <water, the 
effect of the galt water on the leet als to. turr it violently . acid, which 
_ 1% a-complete: overhanli  mackio its. ival’ in 


5 Se58% a6 See 3 ie 

Onis bein-bilpto fed tnd cobs trip dicare: Baltimore to New York 
trouble was experienced with abrasion of the tooth surfaces due, it was- 
believed, to an ‘inferior quality of oil, together with further failure of 
the oil cooler, admitting enough water to the system to make an emulsion 
of. approximately 30 per cent. A better oil was substituted and nothing 
was done to the tooth surfaces, the vessel having made one voyage to 
Europe and back with no trouble as far as the gears are concerned. 
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During this voyage’ trouble: was ' experienced: with: one’ of the turbines, 
causing .quite-an exterisive repair: becatse of an“obstruetion»in one of - othe 
po pase wre ‘oto cs ; ct am ar the 
Ife) to * 5 tur ‘rotor’! yt 
labyrinth. packing:between ‘the: ‘ahead and aaninren sbdenerete and ee 
rotor! : 7 ond a ott 

taNotei Cu, S: GajnuissAbargi oil tinker built by Chester: ‘Shipbuild- 
ing Company, and chartered by British Admiraity. + Put»in: service: July 6, 
1017, (Made°three round roc to English’ ports. At ig te im: coastwise 
trade: between Port ‘Arthur, Texas and: 


end of fast from Europe Bebruary, 88) som ‘some ‘teeth: on: pens 
ted pinto brak This cor. ore nee odisconnetted . 


ee and ‘ship» made 
oom te turbidle only, Inspection’ showéd break: occurred 
mea y°8vinches*from endof tooth “face. ‘There was: no: evidence 
sah adee dilatation on of broken 
tooth face indicating uniform. distribution | of: « factvand: the 
position of fracture make certain: accident was due to: detective material: . 
In August of this year the tigh-pressure turbine suffered injury:as:a 
tesult_of>i improper: setting'of the turbine thrust bearing. Shortly thereafter 
atte accident oceurred to the «which replaced ‘the ione originally 'de¢ 
fective. :! The character of “broken: :tootiy:wassimilar:ito; the ‘previous 
one! ‘The broken parts ere Not yet) been received ::to eniable.'a: eed . 
examination of the material to be made. 

Note: D8: Si: SadburysAn> American freighter ‘bisilt:by!: the. Ghester 
~ aaegees ae ae seared oe 
present: i i 
pacha sy ot Sar rsa etree der gre mene wd gle Np 

» some: out ofc star! ‘pinion, | ‘gear 
was ‘disconnected: vand ship ‘returnedto' New York;:.1 sing! low-pressiire 

on enwiths witich> 9) ‘knots: was: mntheneds the designed ‘full speed 
bene 1 ; 


‘On-arrival at at port, inspection showed no wear, the: ‘toothy: find: biting 
been “well distributed on all tooth» faces: Several::teeth» were cracked: 
Subsequent ieximpination.. of: steel ‘indicates: defective material,: most prob- 
ably due to faulty heat treatment, the fracture indicating the steel had be been 
burned. | This! was«confirmed by 4 discovery: y ke eke ee 
speed pinion were also cracked, although no failure occured ‘in } 

Both! pinions: were:forged -from: the ‘same ‘billet:and::treated>-at ‘the »same 
times These: pinions are: ‘Similar. a8 40 matetial and: design: with 26- other 
pinions now_imisuecessfulsopération;) 1)! /):"! gal 

Wote.B:—S, 8. Avondale. An Se tanker, ‘built a ‘Chester 
Shipbuilding «| Company;:and ted bythe: Pans. Oil 
Comma for the United States Shipping ge: peda as shi owas leaving 
Philadélphia::for heavy ‘bidde irub bowas ‘heard oe “presstire 
turbines, drispection: iocliceted detes defective: workmanship: Some: ‘the: ic 

ing blades: were! loose asa result: of ‘having !been > ‘iproperiy put in. 
spitidle!:was‘rebladedand: ship proceeded: ‘satisfactorily fro phe 
to New! York,::/Phis:turbime: vis esceram saiier nt ‘125 others»-now in :isuc- 
cessfuliic ion On "various: Bus stom Silt et steht sonSlt © 2tiy 

Note B.S Si West Ford.—! is ivesselileft: Seattie:at:5 P, (Micon: Juily a4 
1918,\‘on' het. maiden yoyage to an®Atlantic! port): Seven’ houts’ out; from 
Seattle, oil commenced: foaming’ out: from: the: turbine, ranning-ever the 
engine-réomy gratings.::The chief engineer: eae, called) and;: instéad ‘of 
apithinteess wemeton Lids eae 
pump 200. ito a reserve: ter) same: 
again: out‘on the:grati and: later still:at 2.14 A.\M), the! high-; 
pressure turbine: commented : ing ‘sot badly: that: it interfered. with 
their lighting system. dian down to'remedy the matter of the ‘lighting 
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system,)and on. trying! to: start:the«turbine it! tequired.:125. potinds : initial 
—— to :revolye: ite: Serious -vibration:.was again 7in cidianep 80: the 
hief decidedsto do-what:he!-termeéd *,crank::ap) on :the:ithrust.’:, 

impracticable to!-anchor,: so, they returned::to: Port: Townseni at: 40 pans 
They. ‘then made amobservation ‘of: the.\oil:in «the: drain: ‘tank, iand,.on 
removing the cap the oil squirted to the roof of the shaft alley. It was: 
liter: distovered ‘an oil :cooler: dube had: split, apres large ose rot 
salt water: to-the oil: system: } 2 

Instructions: ‘had :been given, that: the ‘level of) ‘the: oil inthe. drain tank 
shouldbe regularly observed; and | it ae incom); rh ree ae that, = was, inot 
at: once: obvious that» ‘something was he! oii system from: some 
exterior source. | “Merely looking -at: tie iil "aeauide ‘have determined. this 
was’ salt water, ‘Then‘alhthat:would have. been necessary, was to: shut: off 
the: water service to the cooler atid: sepatate the: relatively: small;quantity 
of-salt water from the, gravity tank, and} there need have: been, no: inter- 
ruption whatsoever. The ‘result:of stich neglect: was for the bearings,| fon 
waht: of :lubrication)) to: let: the rotor’ wert causing considerable: aera to 
the turbine: |» yh ol 

Notes G—-UoS: Se cr el ape érgeis Cuba; to; “the: United 
States ‘the. teeth:of one !ofthe critising gears scored. » Subsequent i investi-« 
ga tion showed that! the: oi: pumps eR i ge are oe rae ie gears 

id, failed. The teeth»were dressed: up vend: no: further teoubleshas ‘been 
experienced. si » fortecinn 

sin Jand, installations, : the unitenite economic: ‘pesforniance 6) nan \de- 

conceal on the:prime mover-alone: : Hight performance :is: not te -be ‘secured 
without: cafe being bestowed on. all ‘the anxiliary' apparatus,..attention .to 
matters of heat balance: with: the! feed-water: heater)» condensing» apparatus 
capable of performing»with: ai closeapproach:to the-idedl;-&essio2 o> 

Large: size land turbines have been’ built: which! deliver ‘to the shaft not 
less than ‘about: 80! per! cent of: the: theoreticalenergy available: fromthe 
steam expanding between the limits specified, so that further improvements 
in’ the tarbine/ itself»,wilh not materially raise: this:efficiencys ‘Further: im- 
provement in, economy: must be-looked) for from: causes other | than the 
prime mover, itself: This>is a) subject: of ‘the greatest importance: in view, 
of the :rapidly increasing cost : of: fuel, ‘and it: justifies ‘considerably! more 
capital :expenditure: for: economizers and other such. apparatus winde: cwill 
reduce fuel cost.: >> 

The engineer of our large iheintnade stations is ‘subiect to been competition 
and'is“ confronted aisiost solely :with the: problem ::of: producing ‘reliable 
energy for the least cost, including fixed :charges:::He)has before him 
daily: ‘statements ' showing: *hisico ‘power. costs iwith':a *high-- degree of 
accuracy, resulting’ i in: donsidetable success on his ‘part in:the) ) peodiiiotidg of 
low powercosts: 25 jeu! J 

It-isitherefore hot unreasonable that the shorine engineer might! look 't6 
the:central-station engineer for advancement from some of the-latter’s: best 
practice. It, is,' of) course;:understood that complete standby machinety: is 
not: available «for! the: marine: engineer, neither! can’ the :'superintetiding 
engineer. direct: those: in ‘immediate ‘charge of the machinery'\by frequent 
visits. Hence there is the more urgent call:for the: —— reliability: and 
simplicityof' the marine: installation; though, — rag fiot.‘mére 
than' that: which the central ‘stations ‘have in our ' Ani interrup- 
tion te service; however brief, is regarded: most wg ee: 


Feed-Water: Heating. Systems-—It: is common ‘practice! on shipboard to 
provide:a:closed or tibulat heater ‘to: which is led the exhaust:steami ‘from 
the auxiliary machinery; which: ‘latter :iexhausts at a pressure. between:S 
pounds-and '10 pounds gage. The! exhaust system is provided with a:con- 
nection ‘to let: any proportion: of this steam: to the condenser: :: Sometimes 
agaiti:there is a» hand val valve, permitting any surplus of this steam to'-be 


. 
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taken: to:ia low-pressure: stagef the turbine, all of which-ealls'for hand 
manipulation: where .the ' conditions:!ate: sometimes quite ' variable; owing 
to:more or:less intermittent operation ofithd feed'pump.:' Sometimes) the 
connection ta the condenser:is provided with'a’ spring-boaded valve’ ~~ — 
when:the exhaust pressube!réaches'.a) predetermined ‘pressure; ‘hig 
that within> thei condenser, steam .smdy:| to the condenser?’ ne re 
struction of the valves usually etaployed ia stich: 'that' they higher! the opres- 
sure -inthe»condenser, thé higher’ is:the pressure at: “omer the ‘steam -will 
pass:to. the ¢ondenser, which’ isp of! course; undesirable)” ‘A system which 
wilk- ) automatically: maintain:.a: predetermined: temperaturé in thé ‘feed 
heater atuall; times, bleeding the: main tarbine: for this ‘purpose; at high 
powers’ if necessary, and © same:tithe autématically ‘permit any’ a alae 
steam: not. dondensed: im the: feed-water: peepgge= re do ciated ‘work 
turbine, is:much.to-be desired. !)ohs0{ od fi 
Heat balance systems ‘have: for! some sions! been ihyailable fot ‘land: pur- 
poses, there being provided automatic valves so that:-whenever :there is a 
surplus of oe exhaust. steam this surplus may‘ pass through::a: low- 
of the turbine, doing. work: therein atthe rate of -20: pounds 
per, horsepower: ; @Other:itypes»of valves: are, available for 
land. sinstallations which : will net-only:-take surplus, — -turbine 
at'times. of Jight loads on theimait; unit.at which-time. the auxiliaries will 
obviously furnish too much exhaust steam;;‘but; on. serie other hand, they, 
are arranged to) deliver|steam from, the: turbine to the. feed-water: heater 
' when the, stage ae in: the; turbine vare, relas 
thigh ,and, ‘there- is: 21 deficiency. of .steam for, |feed-water . heating: 
Te lier shou Sarcioularly peer cpp lan wat, vessels, (which: are 































required |to! operate! for lang periods at :different: speeds; where therevis' a 
widely varying, ratio, of »steam used: bythe auxiliary machinery: to! that 
used. by. the: main turbines, Ini merchant ‘vessels: this ratio “is more nearly 
constant, but nevertheless cardful study: to the end of> obtaining 'a ‘com- 
plete +heati balance: will-be:-advantageous. >» Details: of: the: two: forms» of 
valves, above: described are shown in: Fig. 4:and Pig::5,:subjoinedi: t54 
_ -2Dhesvalve:ishown ; in: Figis4: isi intended: for! cases” where there is: never 
ai deficiency:of auxiliary exhaust stéami for! feed: heating» > It>comprises 2 
piston having atmospheric’ pressure above: it,-and the auxiliary’ exhaust 
steam below. When the auxiliary exhaust steam: pressure: vise: a sufficiént 
amount above: the: pressure: of! the atmosphere: to raise the piston, steam 
may: pass::to; the: turbine: ;: Air leakage into ‘the: turbine.:isentirely:: 

claded by ample.steam seal: around the piston: furnished by ‘the: 
exhaust steam. The piston may be loaded .'to:ariy :feed-heater: pressure 
desired. :; pecmaeanesdiigg earser spe cealerecerecty aie inthe event ‘of 


aig 


the turbine over 

The modifiedtionof this valve'shown in Pig! ’5 is: iptable: where there 
are’ at tities a -deficiency of auxiliary’exhaust steam: Any time’ the stage 
pressure: im the turbineis greater( than' that ity the ‘héater the ‘lower! piston 
will raise,’ iting passage’ of steany from the’ turbine to the ‘Heater at 
the: same when required, *penaietisig tow to the: oturbine ' asf" ‘the 
casé ofthe valve shown if’ Figi®) ubdxs 
v1 t‘sometimesotcurs that the’ carbine’ 9 abbeated: 10! sell prerivads that 
a stage of the turbine selected itougive the desired: heater’: ‘ pressure’ at 
moderate toads would be far°too ‘high: —— ieee Gvérléads: ‘In et 
instarice | the: modification ‘shown in’ Fig:' 6,'sabjoined, maybe: employ. 
which i the pressure in = pee system in accordance with seg 

in, . i 

spring a tins ca ga ow high may ei n the 












turbine. aa i 

It is the ice to employ closed tubulji eate }in marine 
work, while i work what is known asthe of bie 4 Fis the rule. 
With the ae ‘of turbine-driven egg and | ally-operated 
winches, the: ary exhaust may"be uncontamjnat h oil, per- 
mitting” tHe sent Lof an| open heater for..shipbe atd-1 nd a more 
complete separation ofa of heater 


Oe from the feed water. As this typ 

contains no tubes, the ating steam mixes with the’ f ed wat , as ina 
jet condenser, its cost.is materially less. Freque y these | theaters are 
open to the atmiospliéré“and fience their name, but wh vorkit 

nection with the héat-balance system they must obvidi 
outlet, merefy a ‘provision for the separation of air, anda 1© 
safet C i. ype ed heater Eliminates fised Of 
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Ahe satie-vacuum. Doub les, when operating 
ditio: a the turbine will be ® ency. 
’ be less efficient on acount of the great 
eee and of the steam, and on the other hand the 
low-pressure elements. will be less efficient because of the gnéat amount of 
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water precipitated by the steam expansion from the high pressure, intro- 
ducing a brake in the turbine. However, i easGhable-to suppose that 
the turbine will avail itself ‘of at least, ‘teent Of this 13 per cent 
possibilty, producing a net saving of 6 { per i 

be expected to be derived from ‘higher | ‘pri 

and 8, plotted for’ Various presstires. “2 
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Econom Sh Fa atithor is sgwart econ have not been’ 
yins : 


employed in = ld seem that ‘their capital cost 
would be well warranted fo’ tg Se 0 ress steame! a operating always 
at their maximum speed. ¢ ‘case £ pees: ‘gage steam pressure 
there is a 16 per ce wl in work Of the boiler ‘bya feed tempera- 
ture of 375 degrees-F. as compared’ with 212 degrees F, To this gain 
there must be made a deduction of the energy expended by the induced- 
draft fans and the scrapers for the i oe surfaces. A‘met gain of 10 
per cent should be readily realized heir installation would seem to 
present no particular difficulty as is shown in Fig. 9. 
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' Superheat.—With: the old digeivtnnnnuls gurbines,, superheathas never 
been: recommended, and, wisely;.so, considering, their..immense structure, 
Even} with the much smaller, ‘high-speed geared, turbines,.as high -super- 
heat, as is; Ay meas eure lations; may..not be-practicable at sea on 
account..of; the irapid istopping; starting, seen ype fer; bop meee 
ing,: which. :may:.cavse>uneven; heating : and » author's 
cpinion seperhentsag;high ab 100 degrees F. Fon present no, operating 
difficulty; whatsoever, with (well designed» high-speed tyrbhines,, One; ope 
dred degrees F. superheat: will affect: the steam consumption. not, less 
8: percent as compared: with: dry, ‘saturated steam, probably, SAYING: some 4 
per cent or 5 per cent in fuel. 

Condensere.—Inasmuch as turbines may be designed to expetd ‘the 
steam to vacuum of 29 inches, and as the steam consumption: with such a 
turbine will be 7 per cent better with 29 inches vacuum than with 28 
inches providing it be designed to expand to suet low" ‘pressures, the 
necessity of providing sufficient:well-disposed’ surface: to.. ‘produce such a 
vacuum ‘is not only obvious, tet ceasehirehermgee’ ‘nécéssary.to have a 
complete understanding of what constitutes .good” condenser® performance 
with the apparatus available: 1s. 

An important detail is the drop i ‘pressure through the con- 
denser. For good practice this shoul 1/10 inch mercury. The 
air pump should be of a type"¢apab iain evacuating the non- 
condensible vapor from the condenserso that _ condenser shell phall 
contain nothing but steam, and therefGtesbe of, the emia To 
throughout except for the small pressure Hrop within, the shell: To 
produce this condition requires not only excellent air-removing appafatus, 
but constant vigilance in the elimination of air leaks. - Bo is. the practice 
of certain large central stations, to, provide an air bell, which may on occa- 
sion be connected.,to.the..discharge of-air ir niubips: by by ‘means Bf mich. the 
air mee ices ai be measured: With 40, eH ao “tt ap 
mint ‘free-air is considered good“practice, and s oe: sr 
7 cubic, feet “it'is the signal for a search-to:discover. the: gaueesnd the 
leak. Such | a are f would dei le. on_ shipboard: and ‘only 
serves. to" point-out. Sana ae on reteaard thevileffects of 
air | +! bet Sted me 

With such a “condenser . having bictaa phaathoadts on a ‘temperature 
throughout the: wthereis greatest ecea, difference between 
circulating water an ty in | bottom ° suming steam enters at 
the top and water at the bottom) ; while on r hand, in the top 
pass there is but a small temperature: difference. Hence much more steam 
is condensed at the bottom than at the top, contrary to what is usually 
experienced ‘with condensers that: donot: have the: nion-condensible:ivapors 
complete! evacuated. This calls for especial. care'in having! paths forthe 

| steam’ through ‘the BppOr 90 ane of the condenser’ ‘ea — the 

essure’ drops! its! 
e evacuation of the nonreondensible Aoi the: Mac avd 
‘toa temperature not to exceed: 1: degree: or 2: degrees 
higher Lit somal ef sahercontidsiondlc -steam leaving the con- 
denser, which i isa: tha should be! kept constantly under: observation. 

-Oiling: pecteernet Pe Bo ‘systent' can bear no) relation to the 
econotnics - of turbine-propelled: a it is: oftovital: €oncern: to. the:relia- 
bility’ of! operation, and fiuch ‘care cannot be' given: etniine-etiol 
= poe tothe send: ot f ebtaining the’ ‘extreme:xiegpee. of crimplicity and 
——— oh iff } Ait Bd WUVSTR: OS 

Tt “his ‘been generally the. cactoene ia: ‘Westinghouse: installations:t0 sue 
vide ‘oil | ; directly: ‘driven: by! gearing: connected tothe’ mam gears. 
The on! double-veduction gears; ofowhich: a large eaiubbentinge 
been’ bulit; ieee ewe! oil pumps; one: driven: from each:intermediate gear 


Saiv192. of. Naltquiisini senso coving 
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shaft. - ‘The: design contemplated ‘for' the sake bt reliability that each ‘oil 

puittip'dlone “be large ‘enough for the system: “These ‘puinps' are ‘relayed by 
“pump for use: when. sone a The’ direct 

driven pumps ‘have ‘heen ' tolin’ sone quarters | and duplicate steam+ 

driven ‘pimps’ substituted therefor: The ativantage ofthe latter, 

doubt lacking ‘the extreme reliability "of the’ eceativer! pimpa) 

when ‘propefly controlled, ‘they only purip the ‘oil! needed? by the system 

ifistead! noe a say, 'threé tities oe “whieh no'doubt wilt shave much toto 

With increasing: the Hife of ‘the! oil ‘4s’well as sitnplifying the filtering or 

straining ‘systems. ‘What’ is’ “régarded:-as” ani! ‘eb eye as ishown in 

Fig. 10. It has the ac yp featutes: 


ers 














t« 5 
; oti 


) ; fon rT ne, Shi asqtt m3 iin: 2 7 Nid ai 
c 9. ,qot “ed? te -oeeicmoted oi tg beeng 
1g Phe. Sanibel are. loateloan at:jas, low. a es possible ‘eb reduce ths 
stiction head: tonthe:extreme limite>s yo} 2l!co I 
(2. Phe: ideainotank:is of; a9 lange 
located sufficiently low to insure = oO 


rea barat tate 
ro and pl be no; 
‘he pump duction should, ibe. several: ee of the 
tank to avoid drawing dirt and emulsion ; ifebm fhe sbottom.:) >) 
4. It is regarded asodesirabletoven an/ additional. 
tnittonte se the:tank by! ameans of w ini may. be, pumped. thr 
a filter-and 46 au rorulacageaghanesmpeine ok theta or , purposes: 
5. Theipump is arranged :te discharge. its ail through,coglers AB /OVERs 
head gravity tank located some 20 feet above ae machinery. — “y;{fidéi 
«6; Duplicate! ‘coolers: ard vemployed' so: that, while: /pne set ia ane the 
other. may: be! cut out»of.caervicess::They:-should ibe, iby. yc ia 
spring-loaded check valve; doaded to» some; amount greater ithan, | 
ance of:ithercooler} se thati under ine conditions jcan, misband i the resi 
valves cause interruption to service. 
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7. An overhead gravity ; stank is provided with three strainers having 


successively finer mesh, th 
tions, the second 30-meslf 
In the event of 
service, for th gil 
removed for \cléaning. 
arranged so that any 
will be caught* 
From thes¢ 'tlt 
oil runs throtgt 
The gravity taal t 
power for‘co itrolling the 
tank to the 
be other measg- ; 
settling tank; aracter™ 
should be regula Ws : erved tot 
system from any source. T 


fre) being 


Se DES 


| owt fous 


: ‘desira ble mg 

possible, to has the x oil: ‘are woy sup 

loss of oil : will,o ae rine 

former went . 

lower tank § (2 2= 
There at i statiat hoc as dest 

room and jh eg era ty-oiling sys 

oiling systent mnt ' dp: 

— bac be r 


n ing 
see tet Oh through 
be employed they s 


heck valve, 29 Fogel 
¢c valve, 493 ‘to Sdy, % 
resistance of +h shits rs} the on will 
be interred p ae By 

Concernir ange: 
complete expansi 
of the cros eg D 
receiver pressur 
mates. 5 pou ngs: 
to the aurplia 
discussed. | 
blades, &c., cd, 
been weity P Th ") 


The carbo 


, fing Bt. thei. 
oni ong re cruiding et 
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= natn 


Cok: 


hie wer 4 are aff 


cn shi 

“ divided- 

applied to: 

— in the high-p 
ie system. nogale * 

so that the turbine ima: ee hae 

— widely differi: vol 1 

of this combination is showrila sgl 

the steam divides, one por@ m 

condenser pressure; and a anh ee P 

pressure element through which 


aie 
Seen tate “S 


lb 


sheet meta 


bdr w: with a very 
sf thi S oil pumps. T 
we well 5 ibove the bottom and there should 
he bottom of this tank to a filter or 
in the bottom of this gravity tank 
iew that the water is not entering the 


re 


a s of course, 


by-p: 


Rose 


endcriny 


eel fexe ea 


cam flow. 
Jed FT After passing the impulse element 


with~1/16 inch perfora- 
s Sop gauze. 
ae ms age to 
hen they may readily 
© quite large cast frames 
Om-their being removed 


nfs el filter, that is, some of the 


ly filtered, the rest overflowing. 
ed float of large 
outlet from the 


eof taking a com- 


d i be arranged, if 


ere i is a@ little head 
}and a pressure- 
trainers or their 
dangerous because 
@r bursting and 
sly power ; If they must 
8 sed throug pia spring-loaded 
at - h ht increase of 
® the n at service never 


Ca‘ ‘ 


a design of a singl: 
Phe general dent 

nd Fig. 12. The 

u ements approxi- 

pit-agaptable for connection 

he fers s previously been 

ines; éthod of inserting 

preiag Already much has 

apply particu- 


ially for vessels 
to modifications 


Ss ¢ 3 and 14 and are the turbines 


ation comprises an impulse ele- 
i which passes all the steam to 
aps, each under valve control 
lly full pressure at the nozzles 
general arrangement 


same turbine to 
portion passing over to the low- 


exp pafids to the condenser. For cruising 


“See “Electric Journal” for January, February,,March, April, 1918. ~ 
































penne rree 





BUOUAL ONAOENOD-29OU) 40. ANBMBTD a@°7 *21° Org 











(ALts tation 















































vaaw 
mses wr 7 ea es 
ew be edieoam 7 


cd 
4 


4 
o 


Pri 


eT NEV 


el 1 SA al Awe 
a) 
&@ 
I 
i Be 
17 
ij 
a 
+R 
8 a 
a 


“Si 8s SF BB. 































212 NOTES: 


the one low-pressure ‘hein may be cut out of service, the steam closed 
to certain nozzles, and the,-t e-eperated with fair economy at m4 
reduced power. The reasott- for | re re “proportion of steam passing to 

the low pressure is in order that ‘the: work may be equal on the two pinions 

at full power. eet Beers 

' ‘This divided flow combitiation js adapt table to. constant-speed steamers 
and will generally give n as ° irformance in steam consumption 
as the cross-compound unit previously referred to; and it has one advan- 
tage, that reversing elem “thay ‘he, placed in both . turbines as in the 
cross-compound unit witha thy" met gt. 8 the ge b spexing between 
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the ahead apd © 

Although not bei 1 1 one -w 

ments are not as ccomeebicat as the tros: oo rei first Sena 





At full power the steam passes in parallel through three sets of low- 
pressure blades (if the low-pressure turbine be double flow), thus per- 
mitting smaller turbine diameters or higher rotative speeds, or both if 
decleel. without reducing the ot of the turbine to ‘expand to low 
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pressures.) This type of installation has the edtentager of eosancerfee saws 
connecting pipes than the straight: cross-compound.:; 
\ ‘There 1ss2:further. modification | of: these’: -aitedgineiente: iheponbal as}: the 
“series: divided! flow’”:ias illustrated: in: Fig, 16;| which, provides: for: certain 
‘of the: ‘turbine: .elements being: operated ::in: parallebs fori maximum: powérs 
and‘im series for reduced powers: It-will:be.observed: frdm:theyfigure that 
the blade proportions! work-out with: approximate: corrections) for) either 
the seriés: or the:parallel.conditiom of: operation: ; This combination renders 
unnecessary the installation of a separate; tugbine for: tise> when: cruising. 
‘Ehe»rélative:. performance’ of ' fe i ae og of: rk 9 ‘are,'ex- 
hibited in curves Figs iw o!!oi. <9) ois et9tht .< t 19 
Some -installations:- have been! made where dnising: turtines' remve? fen 
employed, and attention is)called to‘ the arrahgement :for coupling! the 
cruising turbine, showniin Fig.)48 iki aihiae: ‘been:regarded in’ the past: as 
desitable that: the cruising turbines: be (arranged: so ithat! they miay be 
vperated: when connected, tothe main turbines ‘atthe: maximum speedof 
the main uriits, the idea:having| been:that -should!:theoengineer 'go 1upstd 
iull power of the vessel and forget to disconnect this cruising turbine, no 
injury would result therefrom. This meant that when the cruising turbine 
was in service it had very low blade speeds and be therefore 
quite heavy or the c#tising-. e cannot be arranged to be very eco- 
nomical. It is the: p: i Westinghouse Company to ‘design the 
in turbine and designed for the speeds 
which would. be dangerously high should 
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The design shown’ in Figs.»18 and 19: provides that; should the cruising 
turbine operate above a predetermined: speed, steam will automatically be 
shut off from it and the: clutch automatically opened. The arrangement of 
this installation provides that the steam’ maneuvering valve is employed 
whether ‘the: cruising ‘turbine is in operation or not: .Means are provided 
for readily synchronizing the cruising turbine to the speed of the main 
turbine and throwing the clutch without affecting the speed of the vessel, 
provided it is running’ at“speeds corresponding to that at which the 
cruising turbine’should be operated: 

Concerning steam turbine details that differ from land: practice because 
of their application to ships, there are the following : 

Governing Arrangements.—With the old reciprocating’ engines, racing 
in: heavy weather was always to be reckoned with.. While governing 
arrangements were sometimes: furnished by the ‘builder, they tisually 
passed: most! of their existence’in a store-room locker. ‘While the recipro- 
cator may accelerate rapidly; it may generally’ run’ at proportionately 
higher :relative speeds than the turbine without injury. 























A 


With the direct-Connected turbine, governors, used always to. be fitted, 
but were te eke “be of no particular value because the 
small diameter high-sj fopéllers always being given ‘the maximum 
submergence seldom came out of. water with the vessel pitching. With 
the geared turbine the propeller dimensions revert to that of the recipro- 
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cating engine, and. while, because of. its inertia the turbine and gear may 
accelerate less-rapidly than the:reciprocator; very material: i speeds 
would be destructive. Therefore, a very dependable cepeledine mechanism 
is desirable which must at Jeast have some semblance of being: able to 
regulate, and must not be:a mere stop governor which, on the ‘speed reach- 














stig" | termined ‘limit; will jain shut! atitomatic valve: 
meat of ferent see by the ht str Conia is’ Nts 
in Figs. 
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vePhe; orenniits of the :ordinary:fly+ball: type,’ the: ‘weights being’ carried 
on knifesedges, and. all working parts: arranged ‘to! be' under forced’ hubri- 
cation: Fhe.governor controls; thevvalve shown in Fig.) 21 by ‘means of’ the 
steam :; relay,’ so -thatithe connection ‘between the | ne « and® the 
governor: valves is» merely a pipe, thus) eliminating ‘the ; cacneaiey of: eon: 
necting links, levers, etc. The relay may be moved by hand at any time 
by depressing the small spring that. is above the relay... In this manner 
assurance may be obtained at any time without interfering with the opera- 
tion of the vessel that, pi fe valve stands ady to control 
should the governor Weights, with @ so AG. their outer 
position. Wit 3 O 
are provided wi 
is, either gov 
whichever gov rnor is runnin 
to adjust_the/ governor spr 
above normaiyspeed. HY 3 

Concefning} the governdnyvali i eonaive type and actu- 
ated by thé two pis above..2 i unction with the spring. 
Both pistons have full stean ee ‘at all’times on their inner sides.. 
er one jis 
side of the lower piston {receives hig prane steam through a needle 
valve. The lower side of iston is ed-gmith the relay adja- 
cent to the governor which \will control she sure unde ae \piston, and 

hence the position of the valve. | if + gn. Test 
' ‘While the regulating chara istics “apparatiis: Would hardly 

i > tarbi ‘ dysiamos, it is simple 


The outer side of the upp en to the atmosphere. The lower 


a 


S gt f y rpo 
Maneuvering Valves—An. ith yefant detail, at least important to the 


watch engineer, - is véring - valve. Many shipbuilders—for 
: ent to merely  sbinas two throttle valves, 
(for astern, w i 


maneuvering valve opefated 
direction giveé steam to the ahea ther chinin 
elements. Thé design of this rate - in Fig. 22. An important 
feature is that the va ; genic fal balanced valves, so 
that there i is bata sin or valve which may easily be 
— fied, Bottle. fig Phey “at ce the piston above, pomeing 
their ope¢rati "Witin thie-valye mechanism urbines are easily 
brought ‘fron sf ahead fo \Fatt ti hai the loigeastern in 20 
seconds} or+ ‘a. —— htt 

In all cases’>th 
employed, Zno “mr 
method/$f operation; th 
one in pas disablem 

urb 

labyrint 
bination 2 
is no p 4 esé-g PeiKe Yes 53 (files tevent.ingress of 
air, whith af Hest z they are pro- 
vided wi ; pectin ger admitting Seb preaere steam for 
sealing so that there ; ikage of steam, which will do no harm, 
rather than one of ai i A in practice that absolutely to preclude 
any air leakage theré must ie a "superabundance of steam admitted which 
will blow, in considerable volumes, into the ath ay _A turbine gland 


used tne agp nape of th il abl ‘a kaoencan the wate 
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gland, it merely comprises a: centrifugal: pump° runtier operating: in''a 
fanitg? whieh; if: farnished with ‘water:at°the axis; would! raise‘that water 
to some'10 pounds higher ‘pressure than the) maximum ‘pressure against 
whicly 'the® gland ‘is ‘designed to! isin oservice its deviant is) fur- 
nished with water at ‘some 5!p ogreater ipressure ‘than the maximum 
pressure at which the gland is to pack, thus providing a water annulus at 
the outer part of the gland, forming a hermetic seal which is very 
effective. For condensing turbines a water pressure of 5 pounds gage at 
the periphery of the gland is satisfactory. This-simple«device rendered 
an exceedingly difficult detail one that could be forggtten, and obviously 
a “9 ray yh to marine ee 
as applied to marine ‘insteltiefonet shown in 
Fig St One phere is a combination of the water gland above described 
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dnolinstiias & 
stowed of 332.» not 
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niolivesdg bas 
baisiyfgit ot 
big Qe masie ol} Ar : He tipabas .pqoc 
2 atecigtom poe 19 ; nod 
Silt tate Ot? gto , yer ot yOlos} 
! ver fi Fe Bhriyy uot emus boisvol yr 
: * Bi ovisv Sd vd feisiugic 
relish pi rons Yh pie of otitips1 doidw 
nwode IOp.guidiui sid: dite is bIsISq0 dbobivorg 
1 ett bas egatiqe owsity Babiyor a dun ofT 0S gil 
etigiow ronTavOR 5it.-to. lsvet? sone, otf wi otmt bebivib 
’ a itig ic alain, TORTS ¥4 chars ae ey jaa atti wd be aa 
wane ch sopadliliemtas i othe + 
with-is:ansimple steamy labyrinthifo rjuse when: trie oat? spublis below 
oP tase oleae don by.() Dbis iabyeinth is} ‘embryotic: taszcompared 
with labyrinth: glinds gb; genérally, understood;:arid no attempts: tiade ‘to 
hdve litt partictlarly osteamtight because:of ) its:being, used} conlyi}wifen 
maneuvering: standing! by. sortie eosistsqa HM oilw yslot od to ensom 
coMoneltable: method sof ~ furnishing: water: at the ipropér” pressuré) to! the 
glands liscimportant: andveasily arranged :fecvin/land imstatlations !by pumpe 
ing all or a portion of the:condensate to/an: overflow: ab the required-eleva~ 
tio; or etoviding: dank: with’ a-Moat ivdlveat this:location/.—.2y1)\4,0) 
hJKorom taking: there» is:iusually! head cogm :eriough, iand the: cons 
HRcigerthn ragone por oelevated: ia / oudficient height; abowe, the: machinery, ito 
furnibh: thei requiredspressate; as shown:in Fig.'24; andi the ayitemy di quite 
autoniatic, requiring ino iadjustimenty: adt-to gnifquoos A. ctorions anoca? 
jvOmi iwessels; where «mo thead: Perce pi tee ita’ d¢udtomaty,oas shows 
igii25,itouprovidelfos taking: titysof waten:from the feed 
line in which an orifice is are M0 will pass but little«norertham 
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that required: for the sealing of-the glands. This water. is carried tothe 
gland system and‘ there is provided.a:relief valve, by-passing the water not 
required. back,to the-feed: tank, thus maintaining the proper water pres- 
sure on the gland system, The gland: casings may. be)removed for cleaning 
or inspection without. otherwise dismantling the turbine, 
































Fics. 24 AND 25. 


With this combined labyrinth and wie nd, oe aeotsos must be made 


to turn sealing steam on and gland: water. gland when reducing 
to: belerw alscapeee. and oom Ee > the steam off. ae the water on 
when accelerating above ee! Or me it is entirely 
satisfactory to dnide two. > ales, one for, the water, the other for the 
steam, located adjacent; to-th : maneuvering ‘valve, which may be readily 
manipulated by the man 1 the valve. “With war ships, however, 
which require to _more.. frequently, an an automatic valve may be 
provided, operated in conjuriction with the turbine governor shown in 
Fig. 20. The turbine governor is provided with two springs and its travel 
is divided into two zones. The inner travel of the governor weights is 
opposed by the light spring only, the igovernor weights being able to 
compress this spring at the speed at which the gland should change over 
from steam sealed to water sealed. The heavy spring ‘comes ‘into: engage- 
peat ee ih iy rey the pend creping 
wo springs together un’ turbine'r speed ‘correspon to 
which the governor should:r »the steanf supply to the turbine: 

Motion:of ‘the governor: ning 7 ig its: travel will; by 
means of the relay Peep it operates, either. relieve sod Mpelitiovabione 
in/ the: chamber “ of the gland control valve, F: ‘ig. 26, causing motion 
of: the valve to ithe’ appl ater or ech oF oF vice versa, according t 
whether the turbine is accelerating or. retarding 

Couplings—-An: important detail: is the turbine co To =permit 
free motion of the floating pinion’ frame there is a doskic® ‘shaft provided 
between the turbine) and pinion which provides the: necessary element of 
flexibility.» The turbine and gear must be capable of axial: motion relative 
to one another. A coupling of the type: shown:in Fig. 27\is employed, 
Mearis are provided for disassembling:either::turbime ' or’ gear’ a 
teferente tortheothericand propet <provisiomiia made: for debhricatiany “thse 
driving: pins,|i*!' |: 
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Electric: Drive—There is much -difference of. opinion. concerning: the 
relative merits ef gear and electric motor drive. Discussion of ‘this :impor- 
tant matter >is: refrained ‘from ‘here in ‘view of certain —— installa- 














tions now being carried out. uestionabl. these installations will be 
entirely s being and ital fulfil ara ’ lohs, but whether the added 
Spmplical a i A pee Of ft ne 

increased a gs Bok tes ye | 

can be shown Say Wevelopthede’ of ie 
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| Onevsystem> of electric motor drive suitable. for ithe merchant: marine 
fasi been: ‘proposed which “has promise :of»|economy):greater» than; that 
hitherto attained’ The proposition ‘is ‘to::provide 'a:number:iof» relatively 
small Diesel engines whose cylinders shall not exceed a diameter of, 
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- 1 oy z - Dance = 
f iT ‘ti Ui 
In aildition ta its: many! ‘other a ibe. pe turbine ‘has the char- 
actéristie: of mapas original: cy:'for a: considerable length. 
of ‘time if operatedintelligently: and: properly miaintained. . In. the:majority 
of cases it can also be restored to its original efficiency with a small, eXn 
penditure compared with that necessary for the same: purpose.onan- engine. : 
‘The causes ofiimpaired, steam economy: with a.turbine!/or turbo-unit.in 
many‘ cases:lie:entirely otstside of the turbine itself.;. In certain, instances, 
however, the: ‘causes: are: found, to develop’ iright »in the. turbine. . 
steam economy is impaired it. does not:necessarily, follow that the: thermo- 
dynamic efficiencysof: the turbine» affected: is decreased. || In some, cases 
the thermo-dynamic efficiency. might actually be increased.’ In the, follow- 
ing articleithe-steam aac epeeneniy will toe considered, rather 
than the the amic! tty y 
Probably: : rt most) common’ cause of: dadhiaak: im: pon economy, par- 
ticularly with a small: turbine; is: the falling off - ‘Of: vacuum: in. the exhaust 
chamber: ‘Furthermore; lit; generally: results in the»most:sérious: loss... 
| 1 °The-effect-of:vacuumm onithe thermo-dynamic: performance df, the steam 
turbine is well recognized: Various papersiand books: have) been: published 
_ with'charts giving: the percentage of steam isaved for ‘each inch’ of) vacuum. 
As a matter of: fact, ‘that percentage ‘varies:igreatly with, vatying,.steain 
pressure and: varies: ‘somewhat with: different 8 Lonnie of: turbines, with: ca~ 
pacities;' with: operating: speeds, with quality; and, last: but not 
least, with the percentage: of the? designed: loadiid 
Theccharts:arerof itwo: different::and distinct. types. "One shows: the 
difference ‘in! steam: consumption: obtained: with»: turbines: designed:| for 
different : vacuums! :: Phe: iothen: type. illustrates ‘ the» difference | in. steam 
performance obtained: with: a. turbine'designed: for:a certain vacuum but 
operated atiandifferent vacuum: Both typés:are subject: to: variations, due 
to: allsthe: causes>mentioned> spacer wes latter, i is the one Beery rshould 
be Posner nage in! this article.’ 


‘turbines: rated at’500 ‘kw.'to-about. 3000: kw. Proper ¢orrec- 
tion must°of course beomade for:steam: pressure, 'if'this: is not:150 pounds, 
These curves are of special interest on account of the 'fact :that! they 
show the-effect: of -vacuunt when‘operating at partial loads: ::It» will be 
noted that! a ‘tarbine (ease bad > Joost inches A eras of grr and 
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Consulting the entropy heat diagram for‘a verification of the correction 
figure, 7 per cent, between 28 inches and 27 inches vacuum, it will be 
found that from 150 pounds to 28 inches vacuum) there is 323 B.t.u. avail- 
able, excluding the effec t of reheating and considering straight adiabatic 
expansion. From 150 pounds to 27 inches vacuum there will be found 
301 B.t.ui on the same’ basis. “According to this there is -74 per cent more 
heat’ available with 28 inches vacuum than with 27: inches: vacuum. The 
correction figure for the ‘latter: water rate ‘on: this: basis: should be: 7% 
per cent. 

‘There ‘are’ certain’ factors which havea tendency to increase this cor- 
rection figure. They are: ‘First; the: windage losses, which increase with 
the density of the steam; second; the: fact that the riozzle passages: in. the 
last stages are too large "for the lower vacuum, a ¢ircumstance equivalent 
to operating the’ last stages at a partial load.’ These circumstances, how- 
ever, are generally more than outweighed by another fact. 

As was mentioned before, an increase in steam consumption does: not 
necessarily mean ‘that the thermo-dynamic efficiency i is decreased. ' On: the 
contrary, it is sometimes actually increased. This happens to be true 
to some extent with nearly all commercial turbines. of ‘small and medium 
size. The thermo-dynamic efficiency is largely d endent on the “velocity 
ratio,” or the relation between blade and’ steam: velocities: For commercial 
reasons the ‘turbine frames: are actually in cases: somewhat smaller 
than those which would give the very best efficiency. : 

It might be stated here that future tendencies in; steam-turbine building 
will probably follow somewhat: different lines from recent. practice. « In- 
stead of rating-a ‘turbine frame at its maximum: capacity, ‘without: regard 
for a small loss inefficiency, indications are that the: future: policy will 
be to get the maximum »éfficiency even if at er. cost. 

As has already been’ stated, low vacuum is ‘from°uncommon, ‘par- 
ticularly in»small: power plants. ‘It is not! unusual ‘to:find that a turbine 
designed for:28 inches (71.12 cm.) of vacuum: is actually operating at '25 
inches ‘(63.5 cm.) vacuum for months; owing: to:leaks: in: the exhaust line 
or some similar cause, with a*loss Of tio less:than :16 percent: in» steam 
consumption: The same percentage Joss: will be! found :in:coal: consumption 
if the low vacuum is due to air leaks, as this'does not lighten the: work 
of the auxiliaries, but rather increases it. 

The falling off of vacuum ‘in the exhaust chamber: otitis steam turbine 
may be due to a numberof ‘different circumstances. | The'foremost of these 
are air leaks. Thesemay develop‘in the exhaust piping between the tur- 
bine:and: condenser,:in: the condenser ‘itself, or in the turbine‘ glands. : _ 
may also-enter through ‘the: piston-rod and valve-stem packing on 
densate; pumps. In: addition, air (may; renter Shee condenser. through th the 
circulating : water. 

The:exhaust-end gland ‘of the: sae bbe, is, igesieraliy: sealed with 
water or steam, the simplest form’ of this gland for..condensing service 
being: shown in: Fig;: 3, - ‘This: gland is commonly used: ifor impulse: tur- 
bines.: It has thrée carbon; rings -with'a high-pressure connection. ‘The 
valve: throttling the high-pressure: steam is opened sufficiently so’ that the 
pressure»at the point A is high enough to! keep the air; from: leaking: in, | 
and at the same time not:high enough to:cause any excessive leakage along 
the, shaft-towards the outside of thée!turbine::,:If ‘too great an lamount of 
high-pressure: steam: is necessary, to seal the gland, . itis: evident that: the 
pies needs to be replaced: Assurance) that: there: is no: leakage: of air 

to| the gland may'be had by adjusting: the seal valve: so that name: slight 
pen of steam escapes along the: shaft.;)) ssi), s!: patter 
| In; certain cases with low-pressure turbines,. where the steam supply 
comes from the exhaust of a non-condensing engine, steam leaks some- 
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times. develop in the turbine rowdy, ar These. are. especially common 
when operating; pe brs BS aay pressure on the 
first-stage noz ssuch cases it is. 
often advisable; tof Seen ec steam 
line. This sees ahead -of itself a constant 
pressure, no matter wha he- presse: may be 2 dpmcsite side of it. 
Tt will hence prevent’-vacuum- the-cnatas ne exhaust pipe, 
which, as stated“ aboye; . ale at i inraltn sof air through 
pipe joints or pist sand- valve-sterh| pac 34 

The air leaks in-piping-and sedern es-¢ “ “tasily de eted. The most 
common method. of d eae air these points?is‘that of bringing 








the flame of a’ €andle- around. the joints and noting: at what points the 
flame is drawn towards the-point< 

While air leaks,are the we common balise for- impairment i in vacuum, 
there are others—as. well. A- condenser which has been in‘ service for a 
considerable length of time and which has been allowed to accumulate 
a large amount of dirt on-the surfaces will not_be-able to maintain the 
vacuum it could give in its original condition. 


‘ i 
: Increase in Steam 
Initial Steam a Consumption | for Each 


Pressure, «ss sah ound OF | ‘Pressure. 
Pounds. 2 i Per ‘Cen 


200 
175) 
150) 
125 


ee 


Excessive habe  reaenie is jus yas + lpelethilent “with bit anachingg 
machines as impaired vacuum ; scondensing units. This is not so 
common as impaired vacuum, but. may ay be. caused through carelessness on 
the part of operating engineers in leaving exhaust valves’ partly closed, 
etc. The effect of increased back pressure on the steam economy of non- 
condensing turbines may be realized fron the foregoing table. 

Next in its effect on the tig patie! a turbine comes the operation 
of turbines at partial loads. 4 mafiy instances steam turbines 
are ordered for certain loads ay cee desigt for these loads, Later on it 
develops that they are requi at points very much below | 
the full-load rating of the ine. in Such cases there generally results 
a considerable loss in nae Bk <The curves shown in Fig. 2 illus- 
trate these losses as found con Kerr steam turbines 

The reason for the prad comeretice. at partial loads is 
obvious. The losses in the | in pr ion to the 
load, but remain neatly constant ict any. toad. Cas Consequently the relation 
of these losses to the energy available i r partial loads. The 
throttling of the steam whichis found sary for partial loads, unless 
hand-valves are used, robs’ the. 'steaf e of some of the energy 
otherwise available. : 

The fact that a turbine is. aban load may be seen by ob- 
servation of a steam gage + tothe ring chamber ahead 
of the first-stage nozzles. essufe under normal operation at 
this point is considerably below. “pressure, it is an indication that 
the turbine is —— under a ‘partial toad, provided, of course, that it 
was designed for onl ly a reasonable pressure. drop through the valve. The 


power developed with any type of;turbine is very nearly proportional to 
the pressure at ‘that point. 
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haibipe should, be made,to operate normally. tnder :the: conditions: for 
ch, 'they,.are. designed. -.If it ;is: necessary that,they should »catry .over- 
nat, overload valves—either, automatic..or, sand-operated-—should: be 
use 
Up;-to. this point only ,those circumstances which ‘atise. through: team 
conditions ., and. . from’, -outside,, sources; have .been: considered.|.' Certain 
mechanical conditions inside of the turbine ;.may..also. cause ai thermo- 
dynamic loss; in, the steam:, ny ge ‘Foremost fe ages them is internal 
leakage, , This is,, caused, by the; packing rings .or 


bushings, or the excessive, leans ce of abytinth packing: ‘hetween: the 
veiene rg tes in the; steam, turbine. 


kage is; of course, se, mos liable to develop. where. the. pressure 
differences are very great.,; Therefore, in certain), makes | of; turbines the 
high-pressure ‘steam. space: is. separated from, 'the vacuum. chamber with 
an. internal .gland:.:In eases -of-this kind. .it-is always advisable to,watch . 
this; gland. carefully, as leaks';may,; rea nig ‘through, it, causing a 
considerable Joss/.in, steam: economy, ;;Internal,, leakage is; particularly 
detrimental he the he highoprespsie: sega rs a machine on; account, of | the 
low specific steam in, these stages, - which sesuts ‘a atanse 
discharge of fe ‘steam: through:.a mnie opening... || 
akage may also take place between. the. stages) along, the horizontal 
joints of the di ita multi-stage turbine... The: steam: land); mois- 
ture may erode: the surface of these, diaphragms. to.such an extent that a 
considerable :amount,,of steam will. pass; through, from-stage ito stage... 

Leakage between: stages. as-well,.as internal leakage may be. detected 
by placing..a.gageiinieach stage: ofthe, turbine; to; give the, pressure. in 
that stage. . Comparing these, fagures with. the the peewtstee which the turbine 
had. when ori pa galt ive .a:. good indication bal te: ithe COn- 
dition in. whi d;in; the; turbine | ares; : 

Steam leakage ee e ‘high-pressure d.or thr the, leak- 
age piping ze this: genkie generally, negh igib a (Mheie is ust omy it 
annoying e opera ee? Owevers:; him, ry over- 
come >this :condition.: Generally, losses. due, ,to this, cause, are}, greatly 
exaggerated by’ ‘operating: engineers, «/ | 

Among ‘the causes for. impaired, steam. economy, is excessive clearance 
between, stationary: eee rotary »elements.,,, When ‘this condition; exists, 
Rateau, Curtis; and: other. impulse turbines, lose slightly, in power, It 
would: be difficult to formulate any definite rule.as to, the degree in. which 
steam: economy: is influenced by -clearance,::as se vars with . Capacity 
of midchine, pried and blade angles,etc..;,It is. ad wever,, to 
bear ‘it inomind:if itsbecomes necessary to manipulate ee pom bearings. 
In general, it may be said that the rotary element should not.,be, farther 
away from! the be ga element | than, is: necessary: for, she ewan 
safety-of:the machine. ch ‘case should ‘be considered ',separately how- 
“ even 80:: oe tisers hapa l nemesis the. man oteciener’: of their 
machines information, regarding ax learances ‘ig desired, 

_ With certain makes: of turbines, particularly single-whee! impulse tur- 
bines; where: the total: pressure. drop is, ntilized in one, nes, SOR, 
considerable trouble has been, experienced with erosion; has. been 
the ‘case: particularly, with turbines: in. which. the, belasve steam) Nelocity 
was high~in’ other words, turbines, erg small wheel diameters or, low 
speeds ‘and  operati soar gpm ties have been ¢ 

even with non. turbines as.well, particularly. where. the, steam 
has ' been swet.°' Tf s et ee eee eee 1 
Blade ‘materials: now: used: in: variotis types: of, steam, turbines util- 
izing high ‘steam’ welocitiee are: being improved''se as bette: to. resist 
the’ erosive action of: the steam.» Erosion: is absolutely .unknown |.with 
other types: of turbines on account of! —_ low. steam velocities employed. 
Through erosion of the blade edges: the::axial clearance; between. the 
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‘rotary: ‘auidstationary elenients is inereased,’ whith tehdy:to' cut oun be 
power developed’ Through the eaatetin tite. he ar 
Lorain ‘action’ is attained): which itt turn-cati ag tev othe 

an iciency. 

The''d oy ee of | nen substances in ‘the turbine blades; ' nt or 
partly’ bi passiiges,' igh mug be" ntentioned” as another 'caiise’ of 
impaired: oom voslstay 
<Phis troable: usaally’ occurs” ree: rr gurbine: is being: fed by’ on ir 
‘more’ boilers'°which' are giving about °theit’ maximum capacity? "Tt o 
more> seriotis: with some''types of boilers than others: “In both’ fire-tiibe 
and water-tube boilers there is such ‘active’ citéalation of water that the 
mud: and ‘foreign’ material are ‘prevented . from°settling in’ the ‘boiter an 
“are ‘mechunically lifted’ to’ oe “and” carried through’ the’ steam tines. 

Tn ‘some’ ‘steel-milt ‘distticts the’ longest a ‘muddy 
material ‘which >is hound ig existing’ in ‘the’ water. 
At’ the velocity at!’ which eae centers the blades. any slight’ material 
carried in the ‘steam’ will ‘be: ne agaifist’ the’ blades with © stich’a 
velocity that® it will form ‘a compact deposit: “In ‘a great’ 
instances the’ boiler-feed wer zy em Pov sane large'‘portions*of veg- 
etable matter, as well as boiler e-formin a whe ome Where ’ this 
is 'thecase the'com bination ptoduces a tough, “rubber. like: deposit’ which 
—. fills’ thet turbine ‘blades rd eo serious trouble 

wing "to immense quan steam “pass rough large tut- 
bines* a’ rapid “iticrease' of deposits ‘may “result even’: ‘though’ the amount 
of tiatefial \ ‘mechanically ‘carried over by ‘the boiler’ is’/very” small. per 
unit 6 Ang Tt: ig,’ therefore; ’ ‘frequently astonishingto ‘note the ac- 
cumulated deposits ‘when ithe steam ° ‘apparently: ‘quite'pure and clean. 
— turbine ‘blades 'become’so clogged that ‘sufficient power cannot 
roduced’ and ‘the ‘tutbine has 'to be-dismantled and cleaned) 

eam that'is very wet, ‘when'“made from watet containing acale- 
orig matétial,’'such .as ‘magnesia’ and: other «‘salts,: will : invariably 
deposit a’ seale-like' substance over the turbine: blades. »: This : “js ‘some- 
what= distinct ‘from ‘the deposits: mentioned’ previously. There are ‘other 
deposits which are more local in character,’ such °as,°for' instance,.de- 
posits’ which ‘occar “in : ‘paper-mill “districts, where 'a- considerable: amount 
ve pulp is)! ‘isch in ‘a/ finely ‘divided ‘state: irito: rivers adjacent. The 
result is’ that nd its way’ into’ some: 0. ari power’ plant where, 
Owitig’'to; its” vland iether wad on aki “the: steam and 
very Tapidl bh oral sagt epuredbiee mea oa pee e:come'to the 
Owritet’s’ ete ‘this’ occurred; the! turbine. h havin ut thred be: dis- 
mantled ue regtlar’ ‘intervals and « ‘the: biades: cleaned out ed or sfour 
times’ a’y iri! sHOS FES 

There are: paptius theans ‘of combating: the of blades hon the 
‘above-mentioned | catises' tye are effective «in erent: degrees: »One 
‘which is et wently ‘used; FOR: f= Mion Bo turbines, is* 
the placin ots lubricator in ‘oa steam: dines: :‘The. oil: vapor.:in 
: cates. me ee marsonew ‘and:prevents the substances ffom. 

eae Even for’ condensing : tarbinés: this: methdd is» dre- 
although 1 it wot “appear: not)to: bé entirely :advisable.in 

Resta’ tenene! Surfate' condensers ate: used,’ on :account: of: oil sde- | 
a whieh would be found. Oty the tubes:! The writer: knows: of - two 
“whete this’ method is used with turbines: rated: at) 10,000 bw, 

"Un edly’ the’ tmiost “effective: means! iof preveriting-:this (trouble is 

ape stalling’: byte Ms receiver in the steam fine: The. steant, velocity 
ig starred while’ "ieposlean through: this: ‘rebeivers;and,; the 
Sottian $ tsinces ont om tthe: swalld., Im addition’ to. the 
‘receiver 't “ee ae ingle pee: othe» hog ag throttle.a; me 
separator -w will: e ouble: purpose temoving). from the 
$teatii ‘atiy ‘remaining: foreign’ sabstarices; anid! aco @ great odeal) of 
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moisture from the steam. It might int some.cases: be advisable to com- 
9 Papp = a flere and in ea wil so-called receivérss@parator, in 
which case the materials) w 1 mare von the baffles.— 
“ Electrical World? CR | Af Tr 4 
i PRR a ee 
i sermers: “Tes By Baad me cr ees eB : 


In view of the de 
increase in the7 
large quantities: 
_ gear boxestit 
plays an impofrant: pa 
compelled desig fertin 


We have . sa che elm teh date) aD del 
patent) which 4s" being 
Co., Limited, of Eitaehou 
being com wie nid“very.-2c) " ~ 
% ve odie 8-0! of, tabi erry uigr ‘cooter 


Bo ct 
plates, thet nn we 
cast-iron: 


ts connecting heavy 
d Rontles seqnnections 

for the dif ‘and th 

ground on 


he a ter; The ri tes aredie cast and then 
both faces: Thi must. refully | carried Out to insure 
that when they are-assembled=with the plain=plates the joi ts are sound. 


This is essential, not only to-avoid short paths for the fluids, ‘but to prevent 
leakage from the oil passage to the water passage, or vice versa. en it 
is desirable to clean or examine the plates, it into neceseary to withdraw 
the bolts, when each plate can be readily removedand brushed over. 

The oil and water are circulated through the rectangular passages and 
in reverse directiomin the alternate layers, and ‘afte? circulation are deliv- 
ered to their res t -the! arrows on Figs. land 2. 

In Fig. 2, all .s lel, but it will be 
readily seen that ‘in’ pockets the parallel 
system of worki may - system with two, three 
or sant flows, Wail by the oil to be 
coole 
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The shallow r¢ .a high heat trans- 
mission efficien sts which have been 
carried out by t : transmission factor 
of 270 B.t.u. per 









15 pounds presg 
moreover, that th 
velocity of the) pm 
pressure. 
The makers af* 
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SOLDER, ITSsUSE>AND‘ ABUSES 14 30 oy 9 


By, Mutton’ L: Lisseencin New York, NE Y, 


Sotaee is a segnagica mixture’ of, tin ‘ i: sit a, fact. wih is Sig. 
‘3 


ceptible Of very sim GEROUREEAHOD, Ps er of. a 

as lone as 30 per cenit tin and 70; ert ist Sard ‘ Fs bong 
machine," fal yng: , stirface } ‘pri accel ‘badines thet of a bar o 
eats ality or ré cdgined tin... vee im, Et analss, i 


prove’ to ‘be almost a 
‘According to the’ best, practic, s¢ soles ig’ ‘made i tek ‘the 
ia ta ig da ieee meltec po en Tuo is. prvag 

pi s ad er ths Si 0 is. 
ae oe € purpose o ing to the ba sinc ‘he cle Ae Hic: eosin 


Pate the, tin asa 
result of iSeonaniets 7 ahah The combi tate ‘when complet tell 
liquid is ‘thoroughly stirred for some ‘hx Sires a; cast, into sal 
pigs. Just before casting, ‘and 'contifitiou during” th operatio 

molten! metal yields dross sian ae, Of the oni "ot ‘Tead’'and | 





‘lle manner, 
in co ed, vifgin 








t 

Ret Ae teeny ea org rat 
ie “lade ‘the Souter eb tht Lge for ri 

this done dl onetaton the sk iid of da ross, shou De ed thon 
cet eng hae at fi 1 Ba tle “BHR twit he ae 

s\prove € or 1¢ Dr c=. 

t “f th Ider, 7 Of 
ie fin ae u ch eat ais th see oo sy fe are t whi sa 


Pleas paver te of fin, but athe sition w. 

forms best on the required . piece. of. nee re er hag ‘produce’ avi 

ough mechanical’ mixture, it’ is’ necess2 r to pi for a ‘fon: Ag’ Deri 

perience tas “shown that’ to ‘perform ‘this ‘operation’ satisfack ic 

to 5 peu to 6 frees irs atk oF aca ty of tnaeeriat 
othe! (Proport of tin in’ the. pa : 


r 
thether BF bet die castin ee se ee, ‘is’ that: the feaif’ ‘elias 
ip ae Se, unti uid: it “eutectic” compc 
ti On, | 









toy veet lead ‘conta 50 ti semiatkabi’ 
any, shapes N pes thee bettors ag The olin lattes ‘of this’ 
on isthe pri ga tih ‘other metals than tin ‘and’ adi in ver 'y small 
, Or even tra 
dane i ‘the, idea of conserving’ tin, solders Should’ ‘be? separated” into two: 
{iy That which Meee fig “for solderinig, that is, joining and’ hold 
ing to er two 


oy that whieh is aaed prt Fira for’ the Allthg ‘of dt interlocked 
site t prevent “ne ap : cage he cont vi nt ae “Tt es te 
st pe 
OF ie soul decay, “iat the neta?’ shall. flow “into the "sear, and 
solidify in impe ap 
Th test a ef occurs thie ide GERI Ofih nibte 68 
atfng Res A. pie Of 23, sat ie tin and’ eg cent lead, worked 
at Nate ‘fight temperature” and ‘with [proper ‘taxing, high, enough | in tin 


want ‘read, before the American. ‘Institute of ‘asack Rosie 1 Se abbre- 
PPrenident, ‘Marks eaberger and Som Ine tie 6a +4 dif 
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for any filling purpdse,! as’ hasbeen demonstrated ‘in ‘the practice of the 
oil canners, notably the Standard Oil Company. 


The filling operation, is nspally conducted by imachinery,but the users 
have wey not 2 ized th e baths are Sn mi, thon in vo 


at. the ontainer is 

solder’ tat v pt ts a ‘te ths. | When. the i v sot i spider Those’ ae 
used, On. ae or wratked entirely. 

satisfactorily, it has by: a toand ite ie tion» gf a inch, or 2. 

Be “3 sold an ef ch. 





inches Ry he bast 














: + 
solder i is to dee a 
ping, thus pefmtting the use of a lower-grade solder. at J rad ad 
‘The. fact “that, & ite ae ie. Coerahy gh ige of ‘tin, ‘than, 
the original solder has usually. been 6x ‘on uption that tin, 
oxidizes. more ji on is that: in 
pagal Be eee the | Po ete BOS 
in et 
oxide of sol bp a yea 
The overheating 0 


also causes. some, 


ioe In thee 
served, both, to 
dears te tn 

nces 
tiny eet 


2 i 
pa er Whig eee a 
so 58 SEARS, contains Apt HF, fas sane ot 


“ff at 
bsg this | ae righ hate i care] 


















seldom) that. t slot 
ti Pa te 
ig i bie ial 
fi veh 13. at . ry Dig tt ui uw riyts SBedi iS 
FRE, 190, Lies es mi has been paid fp. the proper, refining 
Fite Bal ey hane. :put into.a kettle, 
Bac Boned cbr it up or down - required 
pai aig t how pati refinin iy Mma ergo t never Biase for i iia 


virg 
£ work. they bi Hie us¢_of metal: 
offsets its pat ore rhe fey 3 ane a pmae a ie an eh 


che t,o ee ied 
can usually. be bid ig 
ce it a 





» After y 9 eae 
method eran nee wis ih d is ia ‘ 


bea ie rine i ate ee st ake 


“gt is oa ri ae a + ; <2 : 
the tn ig, then, ror’ or a off ours, to 
4h hours? dt: resulting Fs re agate oe Ider is! cast. 


into pigs of approximately 80 pounds. ha <8 These. <. pool ‘eid rermelted 
in smaller kettles at a temperature which just causes free fluidity, and 
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the solder -is; then: cast;into: an desired |shapes./ During ‘the entire opera- 
gen of final casting the caster stirs every time he tale a ladleful from 
e pot. 


This work could be done mich more: pps at higher temperatures, and 





much more economically by th use of m ical mixers, but, the res 
pride Asie ot ae et to aor would it beso ‘fuiid. 
hanical ‘mixin, a tendency ivé'the oxide and dr6ss' back into’ 


the metals; thus: the holding power of the solder.’ The scave 
etiger! ‘nfust’ be oven wi west cig ‘and: the “aniounit mnst? be’ very 
aceurately gaged} oth scavenger beédtties’ ‘a! constituent’ of’ the 
finished ‘product; and. Insts cise the of being beneficial,’ ea detriment” We 


have found that in the grades of wre ' cent! and’ ied 

Of tin, the ‘addition of '%4 “tins to per cent: of the she hese st grades oO 

antimony increases: thet tyvand ‘nolaing. Strength: ‘of? the: solder’ for 
tin? 6 , “TO 2319 


Next ‘to its use’: hat siasaiafa: ‘the iavhak ‘Samiti of ‘solder has: 
beenon gasolene-motor: radiators: ‘The “hand work on these ‘ridiators 
requires:merely:a: ‘free-flowing: clean solder, leg: on! — fpping wo: 
Asitieese radiatetewe dad list! ‘ceed he greatest ra ponevdapre pe gta wn 

siithese torsiare composed’ f copper) ‘low': a) dr-ordinary. brass 
no: aritimony whatevet!ishould +eiadded tothe: solder used !for pear 

se. Also the affinity of tin and lead for zinc and copper will draw’ 
th: of these: metals,/from the\radidtors info the baths,;and>as both 
copper and!:zinc:! make» solder. sluggish;: it does? not : take! tong: (unless 
ger rn sare! employed for: — the: woe fan ~ ner to 
deteriorated. :; mot}? beysienat Sis Hnse old 

, These ;baths ean} be thoroughly cleaned by: qanhibire: ot celiestinile sil’. 
pkur, but = this operation produces very disagreeable: black:-smoke! 
throughout the plant, some, method i shouldbe devised for: otifoentir At. 

When. sulpbur ae for: oe. a “and copper, a> ; 

emiperature should; be, employed, to an ts serie Genes tan halk . 
sulphur The baths should then, he allow to for,at least half an. 
hour after stich heating, and the top carefully. skimmed) to,,remove any 
sulphides present. It is Tess 9. to note that the presence of any non- 


¥ 


metallic substance is inj e $elde beni it has been added asa 

The a or is: Ae oe i nal ware a b slates t 
tion is tly as what is the solder tha * 

" 2 oy uppers expat ying rome ‘the oe 

cooking, Te Soy ot 468 gt, ate ae ree — cast” a 
an poe ee ee 
aoa fig im’ . in sol-° 
Wether, the! wax ath tis \giverr by “a 'solder’ containing’ 
sroundos aS her cant te “Omer sect en isquare Siyitiow ‘tansy’ 
completely With < water arid’ then ocapped ;whett! dropped froma’ 
heiget of of about necchag die ¢ cans soldered with 46 pet vent tin, 64°per cent 


lead, in no case broke at) the. \alth eihesdee late was’ 

This! was the-only! cnliecae! thas: par this» widiredi! ith! ar 
per ceht ‘or’ more ofotins: 53°per centr! less of lead) and with! 45! per’ cent» 
of fess of*tin, 55per icent!-of mote: of fead, occasionally! ruptured ‘at: the: 
steams; *These experinients were made most carefully and wert! afterward 
confirmed by subjectingy thé: cans toraimipressure. (i) bis zon! hsorlies +! 
1am thus:iinclined: tobelievethat;:'m round figures; 40 cotta, ” 
_ per eent! lead, jsothe;s 0H ber cet bof pei atsed dor of 

d rposes, iculasly:if: ‘cent ‘to! cnet i 
Siok oth at ‘of Standards, en 


Warclndustries Board, stiggests that: the: high pe nn ip ot 
should: be 45>per!cent tim;:55 percent leads, < 
panatene «shoulé-be ithe ihighest: tin sdtio,iand sfor « priarges mgt ty _ 


onstrated: that. tin from. 35 pet.cent.ta.38 :ner. cen serpents fi 
the nature of the work, will give ample satisfaction, provided the solder 
is made properly.—* Engineering.” 











NOTES: 
ELECTRIC” HEATED ‘INDUSTRIAL “FURNACES *” 
By Georce J. IPRS ARPRR 


‘War conditions have greatly, increased the. use yy the electric. furnace, 
not only. in. work, where it..was already, used, ,but . where; it, had ; hardly. 
been given more ‘than.a little, consideration. ‘Because of, the comparatively, 
short time, that the electric, furnace. has; been commercially used,, methods 
of, operation., have. not. been..so.. well standardized, but, with, the. number. 
of men; now. familiar; with; them, there will, be. an interchange: of, ideas 
that; will. help, toward standardization... ; 

here, temperatures, high enough to reduce, steel to a molten condition 
are: required the electric-arc furnace jis,employed, , while: for, subsequent: 
heat treatments, resistor-type furnaces are us , for in the:‘lattér process 
great accuracy, and: exactness of: temperature, control must be maintained. 

The (electric: furnace: is; a! metallurgical appliance: inwhich any desired 
temperature,@p to the point of fusion! of: the best :refractory:: materials: 
obtainable, cam be attained and perfectly. contrdlled:'. At these :high -teni+; 
peratures; chemical reactions. take: place. much) more rapidly: than in-other 
fear 7 Rg anid | the most: romeecety| metals | and procs 7 be» meteced: 
to: 

JAn detéienae ‘hdrentin fos. steal: ‘making usually: launalite df a sticel 
tank lined inside'with refractory materials and fitted‘ withoworking doors, 
spouts and tilting ‘arrangements for teéming ; regulatable‘carbon ‘or graph- 
ite electrodes of a suitable section are inserted db mere ithe: roof*or walls. 
A':high-tension ¢électrical: supply is traits fens a ne a tow: ‘pressure 
for operating’ the furnace! 

‘Are furnaces are’ of° two! prindipal: kinds) one! teanwen: ee the aro-ratlia- 
tion ‘type; itr‘Which heatiis radiated fromthe’ arc; andthe urc-resistance 

‘or arc-conduttion type; in which ‘there’ is ! dadiation> of Heat fro the: ‘arc, 
and heat ‘also generated as a’ result’ of ‘the ‘resistance due to the flow oF 
ther current: in the ‘furnace: 


t decid oton 


"PRODUCTION. oF ric sex, 


“What : are said to be the first dated, on, a ihe electric steel at 
were -recorded about. 40 years, ago, an,,, tri ug in Siemens, 
being | the inyentor.«. As. with, other ; patents, se gener. itee could, pot by 
any.. stretch,.of; imagination, realize. to,; what extent. the; electric: furnace 
would-be used: in-the steel .industry,;.. The: world’s. output, of. electric steel 
has multiplied more .than .tenfold since 1914,/,,In that year. there: were 
about. 30 electric. furnaces in the . United, States amt Canada, while... 
the ie’ of, 1918. there: were .300. such sn te es use, in tbene 
countries: with an:/annual, output of ,about 2,000,000 tons; .- ;- 

The: Hlinois, | Steel..Co. :of: ae Chicago’ has, ithe: lenges, outpat, “ot 
electric: steel in, the: country, - ng, three: 25-ton, and: two-;;45;tom, 
furnaces of the: Heroult- type. | ‘The. rst; a 15-ton furnace, was} installed. 
in« 190°: ‘The »products: of: this. first! furnace, steel: rails,, wer¢ laid;.on: 
14 railroad lines and the results:showed: that: the: electric ‘steel:'was;more, 
ductile! at: low2temperatures ‘than: either::the operihearth or -the Bessemer 
steel. | Subsequent’ tests showed ‘this: also, Now the: capacity of» the: maa 
is 16,000::to:17,000::tons: of- electricsteel_ per) month,» 

The électric furnaces: manufacturing ‘:steel“ in. England are now | ott: 
ducing: about’ 40: times)the ‘pre-war. output, and -it- is) now possible::to: dev 
without:thé large! imports of ‘Swedish’ iron and ‘steel which wete foriierly 
considered necessary. to ‘maintain the ‘output » of «high-class: products. 
Furthermore, the: sper oichiats igs pemare _ es nengenet ‘ores. of 
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Cumberland ‘may be looked upon with equanimity, as electricity makes 
possible the use of the inferior ores of Cleveland and the Midlands to 
manufacture steel of great purity. 

The electric furnace has not only proved that it offers many advan- 
tages in steel making over the older processes, but has also shown that 







in making many classes of steel it is an absolute ssity, ., 

Electric steel is-fre@ from dis ‘ gasesiwhiel is-due in a measure 
to the perfect control oyer the temperature: t steel“by the operator. 
By raising the temperattire.-tintil thé: “Steel Mis! MB an exceedingly fluid 
state, the gaseg aré. permitted to es ef-s e temperature 
can be regulated”fof casting so that, the desire malt be produced 


in the setting-of ingot. | 4 
In practically all cases the’ electric emia is 0 

facture of steel directly from cold metal, but more 3 

process. Making steel directly from the’ a 


consumption of current which makes ..the*'cos petite Gsually it 
is used to finish metal prev iy -made~by-the! Bessemeror openhearth 
process. 

Very often in steel pl the opéenhearth furnace is used for pre- 
liminary melting and an e furnace for deoxidizing-and desulphur- 


izing, and for.making, any. other changes needed to, secure a steel according 
to analysis. In what..is:known:.as, the: ‘ pales canes: jie Bessemer 
converter is used for decarbonizing and desiliconizing the metal; the 
openhearth furnace is then used for dephosphorizing it? and the electric 
furnace eye sn > the work of deoxi ~and- desulphurizing. 







The basic p mnace~ 
the present lig st oft refractories. = 
remove impurities from. ihe am 1 


because of 
serves to 
earth steel 





furnace, Phosphorus, oxygen an , which per- 
mits using relatively cheap raw materiais._-With Reid Operation no phos- 
phorus or sulphur is removed atid more--care i6—needed—to hold the 
elements between desired limits. : 

In lining basi¢ -f magnesite ‘or dolomite is used up to about the 


slag line and ,above. this silica, magnesia, and chrome. bri is provided ; 
while for the roof, silica is used. 

For acid operation, silica is- used. for she: entire lining. Acid operation 
has been used to a great extent because of the abundance of shell tt turn- 
ings, steel clippings, -and; punchings” from steel-shipyards, etc. It is a 
— — than-the. tho-bapit;, ‘as. it is not mes ram He nor — to refine 
the rge ¥ 

In:iCanada el pig “ion made from steel “sera “the scrap being 
used in this way than ‘being turned into refin on because of 
the shortage 6: low phosphorus pig iron: \ nite hours: of 
oa per ton is. consti 

Dr. John A. Matthews; president of bs 
N. Y., recently said: oa 

« The electric furnace Faauireb for PP less labor Ps 
. ton than is necessary for ‘crucible steel, but it for metallurgical skill , 
in order to produce the — results, Easy tndied and metals like vanadium, 
chromium and mangane y BR readily handled and less of, them required 
to give the content ntent desin in the "hte Sulphur and phosphorus can 
be readily eliminated and the yield of sound steel increased. 

“With the electric furnace, hang 2 , Steels are made in the furnace itself 
rather than in the ladle, and in this way there is better opportunity for 
increasing the solution, diffusion and homogeneity in the product. All 
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NOTES, 235: 
of, these things gmake} for high quality, and; quality’is shen fiowntennit = 
tion,;...In .addition: to, this, the ofarnace performs an oananere: 
Been on of its saa for pocwoc si and recovering athe 
Values; Con in; SCFap,- ;: nis; was. :especia .dmportance . :during, t 
war, when -alloys hadto be. conserved. ; Seabee coment agp . 
manganese ;and. | >in, scrap used.-in the: openrheanth steel is, my. 


recovered to a very small extent, and not only; igithe: alloy value:Jost but’ 
the sores \formed Fe pa ad age 2 a: source.of a gp i the final product.” - 
The superiority, of electric steel, ¢astings over, those made by any other. 
pragess'has been conclusively, proved by the.extremeély severe conditions 
to which; they, have been, subjected. utider. specialized war,conditions.; The, 
castioas ae ced can be finished migbose dead mild and a ref ard ea atcboet 
can as cast, no expensive rations necessary. - 
The carbon contents usually vary’ Mrexeece Ber cent and 0.25 per cent, 
while the sulphur and phosphorus are each r. below sare per a 

and the matiganese and ‘silicon are-adjusted ‘to suit:the work. 
- The’ tensile._properties: of ordinary electric! ‘cast ‘steel. aret lowog auiaeto 
Yied pointy so-ton pet sqaure ta Eh ee 
“Yield point; '25tong per sqaare A SROITTS: 
‘Reduction ‘of atea;'50 per Gent. °° O° Sandquesnt) 
) 30" per cent: : 


The: Mlle sus enn $i dendllpYiedéuséd: tu evesl'aDb ond 
Per sa Fo fh yuh bon 
9° FAW. T6398) 8 4eNn 
stores rie ingen is rege get under a reducing atmos- 

of anda slag out of which the metallic oxides: have: 
ic ide b singularly” ‘free: from blow-hdles ‘when property: 
jor “This 'is'due to the elimination of the! gases that molten‘ steel usually: 
ae es — the ease with ee a 
sf ily Brsie| ; Leastings ri smoothly: setting: fectlys 8 27) 
“Ble steel castings « ee ab ‘cheaply’ as’malledble iron’ castings, ' 
whilé: former aré lighter for’ the same’ strength trove. 384), sipoabat 
sgibils ofl iow 3 109 10 HID (0 DoeteT. MONs. 2b SDQxI2 39 CIEE TS Ot 
y 29nine? nett sosttt ‘WEROULT PORNACES, {5 9)0:1 Sates Sad vania. ine 
ssihtey, alsa oi dgngih Sosa) sd} gnicitns mon is @. st81240 


yet ee ate Of =the ‘ aréaresistance' type, : the deutrodhe: Sor 
ineodactng the ‘current: deo the ea od the ‘bath and ‘the current: 
passing” rg grag dog ietal: and: fronr the::metab ‘to the next! 
electrode. The bath ed by radiation Sons! sae ree ma bee 
the’ resistati¢e of'the'ted! and: ah ‘slag to the ‘flow :of current,’ The sel 
shell is — d refractory ‘material, the nature ‘of iwhich’ ‘depends on 
whether the furnace is'‘tor-be mine a atid in its operation) §90.'s 42 10) 

Phe 25-ton furndée of this *ype:at>the Dequaade plat lof the: Cariiedie: 
Steel Co. fe ires 175 kw. hours per ton of steel and operates:basic°on! 
hot athriee . eleuttodes “are 20 ae-inth + ‘graphite! and vare ‘used 
up -te ' the: ieee about! four -paands ‘per ton! of ‘steel. io Three: phase: 
current réceived at'6,600' volts *is: $0300 voi at the furnsec 
Six heats are made? per day “of -a& ‘hours, “and: each heat averages ‘about! 


2% hours. Cieubnt enoTist-Ron gi nt. smoe hak: ersaam -SyiKy 


GREAVES-ETCHELLS, FURNACE. ; 
In principle, the “Greaves-Etchells” Furnace isa combined Are-resist- 


THES 







Two- pha of a three-phase: low-tension supply’ are’ consi | ‘© their 
respective “ graphite or carbon’ electrodes, while the’ 2 is 
connected to of the hearth; ‘The current flowing’ ’ the 
hearth générates a: considerable: amount ‘of ‘heat imméd the 


+ 
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liquid ‘in "the most efficient manner possittes while ‘the electric arcs 
arranged over the bath maintain the’ slag and ‘surface at ‘the desired _ 
temperature; 

The: effect of this’ bottom heating ‘is’ to: cause! convection’ currents! in 
the molten metal,’ which’'insute a. constant: circulation and’a' uniform 
product. ‘The ‘outside’ of’ the’ furnace bottom ‘remains: 'e0ld) ‘little or no” 

beat being lost in this‘ direction. °° 
' Charges of high-speed steel and castings have: boas made from cold 
scrap ift'‘one hour and ten’ minutes. “Present sizes include ‘ ‘2; 2,3, 5, '6, 
10, 1234, 20 and 30-ton furnaces, .A ‘half-ton furnace‘ is also made’ spe 
cially for high-speed steel, small steel castings and special tool steel.” 


BOOTH; HALL F URNACES. 


The ‘Booth-Hall furnace. is built, for’: use on single, two and tease hate: 
electric power lines, in the following 5 Har By) 35.6,and.,10;ton. 
Power 1s introducedi-to the. fur neh “Ones: itwo,- or: three main 
vertical electrodes, depending on. whtether fb the. furnace. is single, two,’ or 
three-phase. An auxiliary electrode is alsg introduced, and there are 
cast-steel grids imbedded in the hearth with a refractory: facing: 
eee , furnace is, therefore of the westical; arc’ wee. with conducting 

ea Wa, Boaiisn 

In starting a heat with a “cold chan ae in the: ssseniiie, Boothe 
electric. furnace, a pawl, on, the’ auxiliary..clectrotle. holder is. sect 


permitting ,the auxiliary electrode, to, rest: -upom, the, f 
are: then, drawn’ with ‘the, twe-.main,.el ol tn cal frie 
melt under the arcs... The auxiliary: electtode,acts.as a, common: n 
or retutn, mo .arcs. being drawnand, therefore, mo metal, melting, a under 
the auxiliary .electrode. |When,'a.molten bath haa; accumulated upon: ch 
hearth, sufficient. ‘to! make. the, hearth Y aaa: ds anion eae i 
indicate that current is. ning; to flow, through: the Sant Bheshiges 
The auxiliary electrode is then raised up out of contact with 
and plugs its own hole in the roof. ‘The, furnace then continues to 
operate with the current ss the furnace h the main ae 
electrodes and being carried: through: the:/bath the. ;hearth:; to, 
grids, and so out dentake: the grids, The connections: from: the. trans-. 
ormer,'to the furnace are so'arranged that cach of, the. ‘two, phases, thas” 
an independent: circuit. ct d 

At the’ West Michigan Steel. Foundry, , the pi furnace ‘has 
averaged 2 hours. 15. minutes per heat andthe. current required per net 
ton is about 676. Records of the i, analvels for. the months of t, 
—_ i, 1918, are given, alee operates are. all: on a-basic..fur- 


"the "Sneder furnace is also of ‘the ‘arc-resistance type ‘several of: which 
soecgereten | in the plant: of the Haynes.; Stellite- Cone of Kokomo; Ind. ,., 
ennerfelt: ghee logy a we pa mio tga vin 

Posen aed 3-ton: sizes in various industries ‘as foundries, machine ages 
valve makers and some in the pny at industry. 





‘AVERAGE ANALYSIS, 


‘Per: gs 


















NOTES. 


bicriquetian- PBSH Me PROPERTIES. 


‘Densile : NP an L shear ods. ; 2a 63,040 pounds. 

Elastic: Limit: Racies.é letogtalied ble wea ee 88,010 pounds. :: 

ht Elongation tios.!. Janes. 4 di ad oveuaud. $1729.9 per-cent. 

a in Area yi a an atts ald 415 -pér cent: 
sates ‘BuectRic FORNACES' ‘an FOUNDRIES. 


iti ipattihay are today’ in bperitidn, in “fOUndties for’ melting ‘steel 
sctap, refining. steel sctap, refining molten ‘steel and melting gray iron, 
- malleable iron ferto-manganese, ferro-alloys, copper and copper et 
Tn some f foundries the electric furnace is used for the melting and _refin- 
ing of steel, where an extra high quality of steel is desired, low in 
ao hur and yhosphorus and | ing definite ‘specifications. The Canadian 
U Inited d' States Per hd cache ave both installed a considerable number 

of electric furnaces, for thi yh chief object being the production 
of steel low in su et ventoally” the application of the electric furnace 
to, the pining Pf malleable iron will be as important as it is to the steel 


industry . Ordinarily pdb en Bijbong cannot compete ‘com- 
iis cP cupola ‘da oa It is useful, however, 
in. manu: anicee topes Bre faders of very high-grade’ gray 


iron, owing to the. facts oa ihe ‘ul p 4 content is kept own, that the 
metal is melted under conditi ions ideal for the production of iron. free 
from air-holes, and that the iron produced from an electric. furnace has 
the same densi that, is characteristic of electric steel. 
Mr, W. E, Maat © resident of the Moore Electric Furnace, Co., said 
a the recent nares and. American Foundrymen’s Convention 
Milwaukee, that’ basic lin ined furnaces. were most suitable for the ordi- 
rahe steel foundry, although | ‘at ee pare “acid-lined furnaces are in 


use beca ae sera as are estes sulphur and phosphorus, con- 
tent, Hig’ able ‘because of the manufacture 
of Sie Scibtined. far avg is considered simpler and « 

Because. of apt ot “operation of the Piste furnace, small foun dries 
can, now make - ike ade steel casti iron partines. fo 
great extent, In dition these is a wie di pe g up ‘for sissy steel 
castings of a grade that can be properly made from, electric-furnace ‘steel. 
rave castings can be heat-treated aed may in some cases replace” dror 
orgings. 


HEAT TanATMENT oF METALS. 


Heat trenteient, » ialeclaicadlyr came into its’ own with a vengeance: during 
the past two: years. Crankshafts >for: Liberty motors, bolts and : nw ts. for 
airplanes, gears: for our; army » trucks, \cast-steel ‘anchor, chains. £ 
emergency fleet, gun: parts,!) locomotive axles. have all been treated 
electric “annealing furnaces:'»-One furnace::is) 193° , feet long, used ’ 
peemeeergs eo ‘strip steel, the ‘guarantee: being -that: the lawill: come 
cut of furnace ‘as: bright:.as it-went in.) The:strip is fed through on 
cars ‘which ‘move’ continuously’ through: the: ‘furnace, the on guag i 
day being! 150 tons:: 

Heat! treatment includes “ hardening,” “ annealing,” and drawing” -or 
a ing.” The furnace temperatures: ‘from 1,55Q to: 1,650) degrees 
F. The accurate — possible with ee wor aed furtface makes —- 
to provide exactly temperature. requt an: is.is important ‘because 
if the ee eae eet rig are. not obtained ; “while ifstoo 
high, the stéel:is damaged—" burn risi 
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2358 NOTES. 


Electric means of measuring! and’ thé“pyromieter make it possible to 
arrive at a standard, and to  inplicate the conditions. This eliminates 
waste and:improper: ‘results... The. heat. from. the electric furndte is also 
uniform and: thetemperature of the metal is raised uniformly, ::'.! 

The resistance electric furnace. has. the usual’ firebrick: ‘walls!‘and insu- 
lating materiab,enclosed. in. steel frame . work.:, ‘Phe: 'resistance’ielements, 
located entirely within. the furnace chamber, are rectangular in cross 
section and run the entire Jength, of, the furnace, or;in the case of circular 
furnaces, entirely around the furnace. . This fone is composed of a 
carbide . of silicon materia, The. electrodes. for, leading the current 








through the furnace walls, are of car! A a age ae isieiace 
material is laid in the a ied ‘ous id is composed of - 
broken ‘carbon, or graphite. "The current’ tow te im fetes pst 
through this carbon, resistor, whi ch heat the inet 0 xf the ont ; 
diary catbon-filament lamp, the Fadia he ft e. carbon and th 
trough ‘heating’ the furnace chamber, and, in. tu the material. to be 





wi 
ed by means of | Vell 










voltages from the secondary of a transformer, a relatively’ definite 
alah # eaves, tg obtained: :from ‘each i the. yatious ma tages. 
earth- fig. tirhaces are, sere + Sinall ‘pieces as gears, 
bi, bolts, etc, * the Baily” utnace of ‘thi \ or heating 
pounds of steel to: a veaiperaits 0 _F, in, oné “hour 
ea a, current consumpti pag Sn haat Bing Of metal heated. 


‘ ton 
The temperature can be hi Hai ti Srp f five degr bares, variati on. 
With larger furnaces of usher: types, gteater economy ‘of 
current is obtained. 


Automatic. speritign has mee fe ‘wi 











bgt tert ion ‘pedause’ of the 
results. gesained, iy 3, metit of d was referred to 
ina pape prods me otis id rs e Co. of 
ey ce oy z This ie es, each having. : 
ng and 7 feet a eae th a jo ing 14,000 tons 
le piece of mate mal iy contol “yo ei 
ese furnaces are auomatica ass 


ene i fe op cay ace, 
tos ocated, in the do ee Bait 
PEFATaRE of ‘i material ial enperatr re oi ei a Ut ts 


has reach re 
pes a Pyrometer ae ee inane ie rene Bit obi fc 
relays, sets in motion the valve ee device, Pain in proper sequence 
raises the door of the chargit furnace, swings the manipulator latform 
under the door of the furnate, ‘arid ‘by médns ‘of’ the pusher pushes in a 
fresh charge of material at the same time discharging on to the manipu- 
lator platform’ the ‘material locatedi under -¢he>'pyrdmeter:: couple «which 
starts’ thé ‘operation: When’ ‘this! materiahhasi:become :centered on :the 
‘charging « platform, ‘it<is oremoved ‘bythe manipulator: from. the: ofatgeine 
and plunged } into ‘the quenching: bath: as: the! doorscloses: of yorottens 
Acie this ce crreru of. the operation:a timie-clement device: fis ithagorwins into 
“cireuit}i holds: the material ‘being; quenched: m:the:bath a: definite 
timeé;iiaftér which the manipulator raises the :imatérial -outvof the quench 
and: ‘places:<it? im: fronts of: the ‘¢harging! platform: iof the’ second furnace, 
where it remains at rest until the pyrometer mechanism: of: thei:stcond 
‘or “drawing “furnacé xputs» ‘into’ motion !a :sitnilap operation: : to: that {just 
‘described, °.6ne i, ieee the | heat-treated: material sis: dischiar ged ‘from: the 
second fultiaces Sit sitiosis: orlt diiw ‘oldiezoq Jownos sisi 
Besides: the juse*of: ‘electric! nines? in: the; ‘makitig ‘and treatment of 
steel theyvaréaiso'employed: for: treating. brassocastings; :silyer,; coppér, 
phosphor ‘and manganese bronze and. — ‘non-ferrous: metals. oArcetype 

















NOTES: 239 
‘ahd resistance-type*reverberatory furnaces aré ised’ There are humber 
of furnaces in the experimental stage for this class‘ of' worksO9 HB 
“For the meltitig of ‘alfoys’'as nickel; steel aid nichrome, ithe! ‘Driver- 
‘“Harris'\Co.'%4 sucessfully qsing 4'2-ton It’ are! ftirnate operating ‘at 
about 2,200 d SSI RGIEM. Aten Dil ——21OW Y Gi GY 

A plant of five electric furnaces have just been put in operation by the 
Anaconda Copper Co. for the production of ferromanganese from low- 
grade manganese ore. 

In the manufacture of Stellite, an alloy developed especially for cutting 
tools, the electri¢ :furhace ‘seems to ‘meeti the ‘reqhirements: A resistance 
type was tried and later three Snyder arc-type furnaces installed. Power 
consumption averages about one-third, Phonatt getipgeed 2 af Pe rested, 
ibe melting Bmp eat being. about; AO aUBRes, " 


ftoyy 


iso 


M aed FURNACES?) 

ia ve a as 

“ghaatt fecttic -pidaee of the nerating heat by means. lof ssing 
ciirrént t rou h'a resistor, or’ ‘oe heatng iia are tised ioe mary in 
stich as streal etminations, coating (3s (as Pa dials i in watch’ factories), 


sees sbre He Weal ice of cing 
is t eben the’ G Sage efiters, ee way of ‘nie of 
Ry Poo, Basses oa one side through rae p lates, Ripe a 
connector ‘plate, and back ‘to ‘the other iaetrsne igh the’ other 
pier ns ‘heat is tadiated uniformly onto the’ work.’ ‘Phe. arian 
type furnaces are TO work such'’as tes i gh aah ‘tool “steel” where the 
temperatures required ‘are above’ 1,900 to 2,000 degr 
Rk Maite cg ‘around 1,800 degrees F. yes esting’ leitch is an alloy 
wire, chrome, Furnaces of this En used for the uspal purposes’ men- 
2 alte ‘and ier phere fleas hid steel before ‘treating’ i int ‘me 
fi plate 


leans. 6 es si regi iy est the: yy gen 
: fiirtiaces: o- 
rn tiled then ee for isertig in ‘the’ furnace and epee lord 


are shown in one of i illustrations. 
The regulation of the temperature requires merely. a regulation of the 
current.’ This is-a very simple matter. and’ 'actounts (for-the ‘ease: and 
acedtacy of control of the electric furnace... Where a. rheostat isused, .the 
fring of the’ rheostat handle provides the regulation. . Particularly ‘with 
‘fittriaces, the -regulating transformer is preferred,' although. it) can 
prt de ‘be ‘used’ where alternating current is. employed.’ ' Since low: voltage 
currents are used in the operation of small furnaces, alternating current 
is preferable, ene by means ge ome “gi vo i of ' Riser 
110, 220 or 440-volt system, can wer..v ¢.require 
which. may. be from 10 to 50 volts. Bite cure se he . of 


ee mee att eae tar ceed on: te pall are 
a9 9 ie Appliance C P iaset 

¢ Edison Appliance Company. ce, ; 
forytreatment, of carbon, steels, sat fant ch 
high; :speed steel, and dies, and is used rene 
small arts. The operating leaupetine is ‘hoot 









pss im: cue, net 3, ghee are consumed, but ‘i A wipe ned ah 
4or,part of an hour, when the current co: "te aa, 
watts which is sufficient | to keep the pe ted op kt a oe proper 
‘temperature. —-jrscientt A 


For laboratory and research work the small-tube furnace which operates 
at a ‘ctirrent consumption f’350° watts, ‘and ‘will :maintait’a temperature of 
1,800 degrees F. for a continued period is used ail “Et may: be 


vy! 
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used; for checking pyrometer conplesi aah: dsteeminatinns, organic | rand. “ 


inorganic combustion won: mi 
Crucible,type electric furnaces are, used in “determining, the decalescent 

and., recalescent,, point. .of steel; melti alloys, : ash determination, and 

general, research Geaaen work—" In ustrial Managesaeat Se ts 


é 





H. M: T. B. DESTROVER MOUNSEY: 


Destroyers, as is well end: have played a’ leading part in the defeat 
of Germany at sea. Not merely ‘did they? get’ home again ‘and ‘again’ on 
the German Fleet as it fled from the Jutland battle, but the destroyers 
have been the terror of the-U boats. For obvious’ reasons it has not been 
possible to publish until now any details of the more recent of our addi- 
tions to, these craft, but, the; declaration of the Armistice. relaxed. vm 
restrictions, in vogue, and we are thus Enanled to ors, ani ifuattation and 
some particulars of the destroyer Mounsey, the boa which, under. the 
command of Lieutenant Craven, saved, under. qreuneiieee ‘of very. teat 
difficulty, no, less than 696 lives when the Otranto was torpédoe Yon 
October 6 last. ‘The sea at the time was exceedingly rough, and it would 
have been fatal to haye brought a, lightly-constructed yessel, like the 
Mounsey. alongside of the cruiser, The saving of fife. was. ther catore 
cffected_ by maintaining, the Mounsey under way, so. that ‘she passed the 
Otranto within a few. ect, allowing the, people to jump. ig one ghip to 
the other. The maneuver had to be repeated. many timés, and was, under 
the. circumstances, a, very original and successful method of. rescuing 
those endangered without. great risk to the destroyer herself. 

The Mounsey was built by Messrs, A. F, Yarrow and Co,, Ltd., at their 
Scotstoun. works, and on her measured mile trials attained a. speed, of 
over 39 knots. This trial was run with the boat fully armed and equipped, 
and with. sufficient fuel.on board for a run of 1,000 miles at an mm 
speed. Further patriculars are given below. vi 


Length. between perpendiculars. .., bate < ole Htba cates © age 260 feet 3.inches. 
Length overall .4:5 ).eeeeb sie eee nelek cacihne beaks S96 dace 271 feet,6 inches. 
Beam (ie bividicsh «sic whglavee'd avid saipdriancony, Hbls me sls extaes 25-£eet 734 inches. 
Depth, widitelns sstod BEE- She TRMLFORELA TS cA GlaTUams OFT * 16 feet3 inches. 
Total heating surfaces. 2... 66. csiesieee ene wenees » ++ ow) 28,017 square feet. 
Four hours’ trial— 
Draught forward, 8 feet 134 inches; draught aft,’ 
8 feet 234 inches. 2.0.02... eee A = 835.3 tons at yard. 
Speed, A Sarge. ere eo eB Pore es 1S, PLS; 38.608 knots. 
Speed on measured mile...........¢.eeceesceeeeeaneecees 39.018 knots. 
Revolutions per migute, 4~hour trial. SeET SIO BORG yO . 685.6 
Revolutions’ per minute on measured-mile trial UA bce, SE i320 693.02, 
Oil consumed jn 4 hours......5... Ss eee so Pee: 57:33 tons. 
Load’ on’ trial.) 2.0.0 ek RAT ans) 1900, ONL Bey 158 tons. 
Oil fuel capacity.........0...200... Ls PAS LETS He, PLS. JBOD 9% (228 tons. 
Radius of action at full speed. ........ DP PEDO Ga Ph ds 615 ‘miles. 
Armament— 


Three 4-inch quick fires ; two 2-pounders ; et twin 21-inch torpedo tubes. 
Complement—79. 























NOTES. 


PARTICULARS OF RUNS ON MEASURED MILES. 














; He | 38 a. f 84 ; 
mH = gy tions. Bs 
Ra > £ rote 

I 1.45 | 259 28. .| 6.5 689.0 1-32,4,|..38.962 
2 1.54 | 257 28 | 6.5 692.0. |. 1-32.4. | 38.962 
3 2.4 | 257 28. | 6.5 693.0 I-32.2 ae 056 
4 2.13. | 258 28. | 6,5,.|, 693.5. |. 1-32.0 130 
5 2.24 | 258 28 | 65 694.0 I-33:0. ee 
6 2.34 | 259 28 | 6.5 692.75 |. 1-31.4 
— on measured 

mile «- | 258 28 | 6.5 | 693.023 018 
Mean in 4 hours .» | 258 28 | 6.4 |. 685.6 33 bos 























It. may be added the first Italian vessel to enter the port of Trieste was 
the Audacé, which was built by Messrs. Yarrow and Co, eighteen months 
ago.—* Engineering.” 


THE COMPOSITION: AND PROPERTIES OF STEELS. 


By Howarp ENSAw. 


In most branches of the engineering trade it is at times necessary to 
reduce the weight of some mechanism, and this applies particularly to the 
manufacture of automobiles and aeroplanes. This forms probably the 
chief redson for)a thorough’ study’ of the nature and’ properties of the 
materials employed in the construction of such mechanisms. 

It is essential that the designer. should, have a. full knowledge of the 
strength and durability of all the materials to be used, and_it/1simpor- 
tant that,those materials should be of a. specified composition, and. that 
the treatment should be checked by. suitable tests in order sty, Hage results 
in —- practice shall correspond with the data on. which the designer 
worke 

Until about: four years ‘ago the’ number of firms with a knowledge 'of the 
composition of ‘aircraft steels and éxpetience in their heat treatment. was 
most limited, and:today there ‘are so many brands of alloy steels requiring 
different treatment that great care must be exercised, As the hardening 
and’ tempering process’ is‘liable''to' error due''to’ the number’ of’ bratids 
available, users are’ well advised to choose only a few types of’ steel to’ 
cover ‘their requirements, ‘ The treatment’ of* the: ‘selected steels * ‘quickly 
becomes familiar, and the possibility of error is reduced. 

A range of about ten steels will cover the requirements of practically 
every firm, and’ the: object of these notes is to give the composition and 
properties of'a range which might be''chosen’ with advantage. 

As variation in heat treatment is required with different ‘steels in’ order 
to obtain the’ best results, it is obviously necessary to consider the mechani- 
cal properties along’ with the chemical composition. 

It will be seen that it is possible, however, particularly in ‘the ‘case of 
nickel-chrome steels, ‘to obtain’ widely varying résults with varied heat 
treatment. 
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The table’ has: been compiled. from: actual tests made ‘with a particular 
make of nickel-chrome oil-hardening steel, and illustrates this point very 
well. : : 

The materiale which gave the above tests when treated in the manner 
indicated forms one of the most interesting metallurgical studies, and is 
of exceptional value in aircraft work: It will be noticed that various 
degrees of hardness can be obtained, and this factor is made great use of 
in the manufacture of articles where distortion is a disadvantage and at 
the same time’ difficult to\avoid. 

The ‘articles are first rough-machined and then heat-treated to a Brinell 
hardness of 250 to 321. At this hardness the articles can be machined, 
and’ we then have no distortion in the finished goods, as there is no subse- 
quent heat treatment. 































0. H. Temp. oo ag R.A. inte 
Degrees C. | Degrees C.| Minutes. square inch,| Pe cent. eek? 
825 650 30 59 57 269 
825 600 30 64 48 286 
825 55° 30 69 42 321 
825 500 30 75 43 332 
825 450 30 85 42 375 
825 450 20 87 49 364 
825 400 30 96 38 418 
825 350 30 104 33 430 
825 200 15 121 38 512 
825 Not | tempered 123 34 477 
825 Not | tempered 126 21 512 
800 Not | tempered 127 27 477 




















OF For Coenparaipins in degrees centigrade at which sample was hardened 
in oil. 


Temp. = Temperature in degrees centigrade at which sample was tempered. 
Time= Time: in minutes for tempering. 

T.S. = Tensile strength in tons per square inch given by test piece. 

R.A. = Reduction of area registered during above test. 

B.N.=Brinell hardness number. 


It will thus be seen that. itis possible to! obtain. widely varying results 
from one. brand of steel, and, it. might, also be said that it:is possible: to 
obtain similar results from. two steels of widely different: chemical com- 
fosition. 197 

It is highly advisable that.the steel, manufacturer should codperate: to a 
greater extent with the steel user to.obtain a. better understanding of the 
work.for which the finished article is intended. Items, subjected to different 
stresses require different. materials and | ‘treatment, and -in' the case of 
resistance to wear it is well to bear in mind ‘that a steel containing:a low 
proportion of .nickel, and.a low proportion: of chromium: will: resist wear. 
better than a steel containing,a high proportion of nickel and no chromium. 

It has become generally recognized that it is not only necessary to utilize 
materials of. a_sufficiently. high yield point, but the materials: must also 
be of a nature suitable for, resisting wear. if the articles. are subjected to 
abrasion, and :able. to, withstand shock’ if. the. articles; are subjected: to 
vibration. . The advisability of. putting samples of the material. through 
tests which bear some resemblance to the stresses which will be: met: in 
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NOTES. 243 


actual use is obvious, and in connection with aero-engine manufacture 
this: question has been given considerable attention. 

Perhaps the first problem to be attended to in the manufacture of parts 
which are highly stressed is the question of the composition of the 
materials employed. It will be understood that if. the original material 
should be of. incorrect proportions satisfactory results can scarcely be 
expected. 

It is expensive to introduce the nickel, chromium, manganese and 
vanadium into mild steel, and unless the alloy steel thus produced is care- 
fully watched its value may be destroyed as the result of incorrect pro- 
portions of carbon, sulphur and phosphorus. A full chemical analysis 
aban ge to time will probably save the reputation of the firm con- 
cerned. . 

In addition to the expense of manufacture, alloy steels require more 
careful treatment. A scientifically arranged system of checking tempera- 
tures is necessary if the results are to be relied upon. As the employment 
of these steels is necessary when we require an ultimate strength which 
may reach 130 tons per square inch, the expense of ‘materials and testing 
apparatus must necessarily be met. 

The elemerits previously referred to have varying effects, and are intro- 
duced one or more at a time. The alloys differ over a wide range, and 
the treatment of these various alloy steels must be modified to suit each 
particular composition. ; 

When nickel is added to plain carbon steel, the skin of the hardened 
material is harder, and the depth to which the quenching effect penetrates 
is greater, : : 

Chromium and tungsten added to plain carbon steel enable a more 
highly finished surface to be obtained when machining, and a finer grain 
is produced in the metal; but these elements do not appear materially to 
influence the hardness or the depth of case of the hardened material. 

Chrome-vanadium steels do not appear to have given quite as suc- 
cessful results as nickel-chrome steels, but for certain purposes: they are 
preferable. The presence of vanadium increases the depth of the harden- 
ing effect, but when vanadium is present in even. medium quantities the 
material in the annealed state is very hard, and machining difficulties arise- 

Nickel. is perhaps the most valuable element to the metallurgist, and 
by simply normalizing a bar of nickel steel to the same tensile str 
as a sample of medium carbon steel a comparison of the results readily 
establishes the superiority of the alloy steel. Increased elasticity is ob- 
tained, and the impact test figures are considerably improved, so that in 
cases where elasticity and shock-resisting qualities are required, nickel steel 
is preferable, providing the carbon content is not excessive when the pro- 
pertion of nickel is considered. If the carbon content is not within the 
limits specified later, the probability is that the article would fracture under 
a lighter load than plain carbon steel would stand. 

Bearing in mind the influence of these alloys when introduced into 
steel, we can proceed to inquire into the composition of the materials, 
and it must be noted that’ it is necessary to maintain the proportions of 
the elements within certain limits in relation to each other. 

_ The use of plain carbon steel in aircraft work is most restricted, as we 
generally require material able to withstand. higher. stresses; but it can be 
used for certain parts which are not subjected to great shock or wear, 
such as tachometer gear. It.is then possible to use .a steel suitable for 
automatic machinery, and material to.the following specification will be 
found to give satisfactory results: 


Cathoth sicitent:s as vicea aside ows vd velgdds ...++.. Not greater than 0.25 per cent. 
Manganese) diiniss iccsie. adanie dxnesalwds oslde Not greater than 0.85 per cent. 
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Silicon Not greater than 0.20:per cent. 
Phosphorus Not greater than 0.06 per cent. 
’ Sulphur Not greater than 0.06 per cent. 


Should it be required to use a slightly higher tensile steel the following 
proportions will be found satisfactory, but machining is more difficult and 
the tools will require more frequent attention: 


Not greater than 0.40 per cent. 

Manganese : Not greater than 1.00 per cent. 
Silicon Not greater than 0.20 per cent. 
. Phosphorus Not greater than 0.06 per cent. 
Sulphur Not greater than 0.06 per cent. 


None of the above steels is suitable for casehardening, but as they can 
be, obtained in bright drawn bars the advantages. of their use in all possible 
instances are obvious. 

Although casehardening nickel steel has in a great many cases taken the 
place of casehardening mild steel, the latter is still used to a great extent 
in. the manufacture of valve. tappets, engine-timing gears, camshafts, 
gudgeon pins, etc, . Parts made from this material present a good resist- 
ance to wear, and two qualities, low and medium carbon, may be used 
with advantage, The low carbon will give a minimum of 23 tons breaking 
strength when normalized at 900 degrees to 920 degrees C., and the com- 
position as follows: 


0.10 per cent. 


SLiSE, TUL. SEE als Sb. Keel den senceevevels 0,18 per cent, 

: 0.60 per cent. 

PTI SER. <a kieid s dhhe Weiss bgee deible vides vu GB be o bale wae 's 5O.04per Cent, 
Phosphorus 0.04 per cent. 


When this material is normalized as above the physical tests should be as 
follows: 


Breaking strength 23 to 28 tons per square inch. 
Yield ratio Not less than 50 per cent. 
Blotigation (ovo eee sega te cae sd ba cae Not less than 30 per cent. 
Reduction of area Not less than 50 per cent. 
Prinell hardness 92 to 112. 


This, material if well made will be found to caseharden well and .uni- 
formly, but it is frequently necessary to employ a similar steel with slightly 
improved: breaking strength, although there is. a tendency for the elonga- 
tion to. diminish, 

This second-quality casehardening mild steel can be specified as follows: 


5 


PRIS Sebsme db Ora. Gi atts His widen Kellen. Hemet 0.15 per cent. 

: 0.18 per cent. 

Manganese .....ecisseee dense se pes FW eitien Habs a ekeicd .. 0.75 per cent. 

‘Sulphur ;...... SNRs Ooh aie Geli doin» Bi ie  Bkhs dupes aecetion 0.06 per cent. 

‘Phosphorus .....3....5 idted sass se as bes wide eas bilsie «warms ston 0.06 per, cent. 

’ 

It will be noticed that higher proportions of sulphur and manganese are 

-permissible in this instance. When the above material. is. normalized: at 
£90 degrees to 920 degrees C., the following tests should be obtained: 
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Tensile breaking strength.........2......000. 25 to. 33 tons per square inch. 
PONE PANG ose he Beka eb kPa eae eee eeen Not less than 50 per cent. 
BRONMROE 5 65 SA is Oe Ac Not less than 25 per cent. 
Reduction in area....... cc. cece cece eee cee eees Not less than 50 per cent: 
PIUttsOle: ROMANO 35.5 3h oie cine ks s asi be’ bales 0 and ee veowey 7 uaen 103 to 143. 


The normalizing temperatures given are within 50 degrees C. above the 
critical temperature in each case.. The carburizing should: take place at 
900 degrees C., the length of time depending upon the depth of case 
required, and the articles should then be.allowed to cool down in the 
compound. In order to refine the structure of the core the articles should 
then be heated to about 870 degrees C. and either allowed to, cool in the 
air or quenched in water. Finally they should be reheated to 780 degrees 
C. and quenched in water to harden the case. 

With certain makes of steel not conforming correctly. to the above speci- 
fications it may be necessary to depart very slightly from the above tem- 
peratures, but the most suitable conditions can readily be ascertained. by 
trial and a little advice from the steelmaker. 

There are many instances where it is necessary to have some knowl- 
edge of the mechanical properties of the core of casehardened articles, 
and this can be obtained by allowing test pieces to go through the same 
heat treatment and at the same time as the parts being manufactured, 
taking care to turn off the case to the depth to which the carbon has pene- 
trated. It will generally be found that by the refining influence of the 
heat treatment the yield point and the breaking strength are improved, and 
the elongation and reduction of area are reduced: 

In carrying out some recent tests in connection with the last material 
detailed, the tests on the material as rolled and after the hardening treat- 
ment were as follows: 


After 
As Rolled. Treatment. 
Breaking strength ........00 0.0.0... cece ede eee 81 tons 36 tons. 
Yieltpomit 5 Hs SE Peas ON8, BAF 21 tons 25 tons. 
BaongetOn B50 es PB ee 0k Od, 28 percent’ 23 per cent 
Reduction of area... 0... elec eee eee 58 percent 51 percent. 


These figures are of some value, as it must be realized’ that we cannot 
count on the case to assist in withstanding any shocks, and our calculations 
must take into consideration only the extent to which the material may 
be loaded based on the strength of the core only. eh 

Should circumstances arise where it is necessary to employ material of 
higher ultimate strength and better surface-wearing qualities than the 
casehardening carbon steels detailed above, use can be made of case- 
hardening nickel steels, and here it is necessary to exercise greater care 
in manufacture and closer accuracy in heat treatment." 

A good low-nickel alloy steel can be made up as follows: 


- 


GALI ORT vienbaardin bg die Kcerenne'> Gir a basta each whe pena otine nied baat 0.13 per cent. 
MRONL isis‘ ec elvcvrnpeia ie +4 edhe Ver tdbinicion > pacia baa eae Ge ies ceca Vein . 0.25 per cent. 
MADGADOER. (onsen cbr Ge feed cecign “aie ne bana seeeeeeaee 0.45 per cent. 
Soler cis ih aencshide cameras renin AREA cabis nian ice +++. + 0,04 per cent. 
PR OROROCTG 55,0: +44 sin gin ssseciwew eat weldmmnn and ¢ ¥alnk~ CN + +s 0.04 per cent. 
UME id cn ns beac cake <cammene © 2 eaeg cate nenaene’s om9§e , ++ 2,00 per cent. 


The carbon content must be carefully checked, as, if. excessive, this causes 
shortness, and attempts to straighten any parts distorted in hardening will 
result in fracture. 
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This material when normalized at 850 degrees to 900 degrees C. should 
give the following results: 


Tensile breaking strength.................... 25 to 35 tons per square inch. 
bie corti cand ME aE ee Ee eee ier Not less than 55 per cent. 
ere pe ugh Rd 2 Bie CER ee Pee ee Not less than 30 per cent. 
Reduction of area...... 2c. eee cee eee ees Not less than 55 per cent. 
Brinelk hardness tisde. srisiiilics. ool. aork ans Ut oe 103 to 153. 


A step higher in tensile breaking strength and yield ratio can be 
obtained with an alloy steel containing a larger proportion of nickel, and 
the elongation will remain about the same. A chemical analysis of such a 
steel should show the results given below, and the necessity for main- 
taining a low proportion of the injurious elements renders the manufac- 
ture of this steel somewhat difficult and consequently expensive: 


COPIINE in Saseae sc cence tee sansa ands ees sone tanay uecedne nd 0.15 per cent. 
SUG iiprn patie CAT STs SOU ele HE eve Wades» Sie Eee eo ce 0.18 per cent. 
SHMIMHE sc coke a tee tc eve ee Biel atc sae us chee tase hia 0.04 per cent. 
EGRET OM he N ss sud + chaste cat EARS OKO ok ba arh ke 0.04 per cent. 
DEBTOR Oe Sn as Codis SEaHO Car eon ee caAES Caner She aw ea 0.35 per cent. 
NIGEL 4 sip coy oo cass Wr bide ip as Ra Cues AE sok ke Lee SEALS 5.00 per cent, 


The casehardening nickel steels given above are suitable for articles 
where a good hard wearing surface is necessary, but when quenching to 
harden the case it is necessary to reheat to a somewhat lower temperature 
than is the case with carbon steels, and when it is decided which brand of 
material to use it is advisable to carry out a series of tests to ascertain 
the most suitable temperature. Occasionally it is found necessary to manu- 
facture articles where good wearing qualities are required, but the parts 
are so thin that a hard case would be disastrous, as there would be no 
core left. In such instances an alloy steel containing about 3 per cent of 
nickel, 0.30 per cent of carbon, and about 0.70 per cent of manganese. will 
be found of great value, as it is thus possible to obtair: 45 tons per square 

‘inch ultimate stress and a Brinell hardness of about 200. 

The materials which have probably been of greatest value to the automo- 
bile manufacturer engaged on aero-engine work are probably the alloy 
steels containing nickel and chromium. ‘These are very high in tensile 
strength, and are suitable for oil-quenching and tempering or air-harden- 
ing according to the proportions of nickel and chromium in their com- 
position. . 

These alloys can be so constructed that they can first be hardened and 
then tempered to give almost any degree of hardness between 250 and 
500 Brinell, and it is not a difficult matter to bring the hardness to about 
220 Brinell. Up to this figure the material can be machined, and the parts 
will stand a great deal of shock and wear; but should the hardness be 
greater, the probability is that the further machining would be impossible. 

It must not be concluded from the above remarks that the Brinell 
hardness mineral can be taken as a general guide to the machining proper- 
ties of materials, but in comparing two samples of the same steel it can 
be taken as a rough indication. When comparing different alloys it 1s 
quite possible that one steel can easily be cut by another which registers 
lower on Brinell test. ' . : 

A high tensile nickel-chrome steel suitable for tempering to various 
degrees of hardness can be built up as follows: 
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Gakbome 0403. Si0c. ics. 1b. USGA GS. WOO. A 0.20'to 0.30 per cent. 
Siliodaet ui. goo; od 1 AG 6 0. SRIATE. & BUNS . Not over 0.30 per cent. 
Manganete!) . 20258. iedse. OU. QUAD. opbRl). 4 0.35 to 0.60 per cent. 
Subphuk! ov 020. Meio. 86. ED. BIO A Not over 0.04 per cent. 
Phosphoras: iiaiig tiie. SOON UB ORR R URIS 2 Not over'0.04 per cent. 
Nickel ...5..000:. WS AEH O GUL TAT A BHO OG LH 2.75 'to 3.50 per cent. 
Chromiiumic!. fads. Ge. OF RE RS 0.45 to 0.75 per cent. 


If the above material be heated up to 820 degrees C. and quenched in 
whale oil, then tempered at 600 degrees C., the ‘test results should be 
approximately: 


Tensile breaking strength............ Not less than 45 tons per square inch, 
Vaeld: eerie os ern ec ae vice eer ceee Not less than 5 per cent. 
Elongation 66005 Gees 600 ls « Gps wea eee DENSE Ce Mee Not less than 15 per cent. 
Reduction of areasi.... eee eee Not less than 50 per cent. 
Brinell hardness number... 0.02.00... i cece cece nee eeee 179. 


‘When using this material for a high tensile and a hardness of about 320 
Brinell as previously suggested, it is an advantage to rough-out the parts 
before heat treating, so’ that very little metal is left for removing in the 
hard state-—“ Mechanical World.” 


NEW TYPE OF MARINE OIL ENGINE. 


Mr, Carl W. Weiss, associated with the Metz & Weiss Engine Company 
for a number. of years and now connected with the Weiss Engine Com- 
pany, 1% Battery Place, New York, has: developed a surface-ignition, 
medium-compression, twore oil engine that promises to widen the scope 
of the heavy oil motor. The engine illustrated herewith is a 400-brake 
horsepower, linder unit, although the type is also being built with six 
and eight cylinders. Among other features it possesses a new method of 
scavenging, and, in this connection, when it is recalled that the ordinary 
type of surface-ignition, medium-compression oil. engine uses a baffle plate 
in conjunction with crank-case compression for scavenging—a construc- 
tion which, due to uneven thicknesses of metal, makes for uneven contrac- 
tion: and expansion that frequently results in cracked piston heads—it is . 
well to note that in the accompanying illustration the piston is conical in 
shape and a rather wide departure from usual practice. 


BONE OF CONTENTION, 


The: bone. of contention regarding the relative efficiency..of the surface- 
ignition, medium-compression, two-cycle oil, engine has always been the 
matter of scavenging. That previous, existing, types of this style engine 
have not completely. burned. their, charge or completely cleared the cylinder 
of. burned .gases after each explosion has been. the, contention. In. the 
engine here shown there has been incorporated an entirely new method of 
scavenging... There are three annular.sets of piston-controlled ports: (1) 
the exhaust, (2) the supplementary, and (3) the crankecsase port.. The 
supplementary ports are open to either atmospheric or under low pressure 
of air, supplied by.a, small pressure blower... As.the piston uncovers the 
first series—the exhaust ports—near the end of the expansion stroke, the. 
pressure of the cylinder drops. to atmosphere, and; due to the abrupt 
discharge and the forcible cooling of the gases, the pressure at once goes 
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down to several. points below atmosphere... At. this. point the. supple- 
mentary. ports open, allowing a charge of pure air to sweep in radially 
ever the conical piston head, displacing the exhaust gases left in: the 
cylinder, while, immediately following this, as the crank moves through 
the lower dead center, the crank-case air under approximately five pounds 
pressure per square inch also flows in over the conical piston head. by way 
of the annular series of ports formed by the spirally ribbed lower: parts 
of the cylinder liner. In this way three completely separate and distinct 
charges of air are introduced: into the cylinder during the: scavenging 
process, which, undoubtedly, accounts.for the fuel efficiency of this new 


aa ‘and its ability to operate indefinitely without undue heating of piston: 
ead. 


SIMPLE OIL, INJECTION SYSTEM. 


The. oil-injection system of this multi-cylinder engine is ‘simple.,,.\In 
place of direct-driven governor-control injection pumps, there. is an) inde- 
pendent duplex pump to keep the oil under constant high pressure, and a 
compensating. distributor valve, driven. from.the engine shaft, arranged 
tor timing adjustment for different, grades of oil and either direction. of 
rotation. . This pump is, connected to. the. air, receiver used. for. starting 
and reversing the engine. With a normal.air pressure of 200 pounds..in 
the receiver, the oil pressure is kept at 1,000 pounds by a reducing valve 
in the air line. Heavy oils require high pressures for efficient spraying. 
The governor is designed to act directly on the compensating valve and 
is, in fact, carried by the distributor valve and submerged. 

There is a spiral gear mounted on the front iend of. the crank shaft 
which drives the oil distributor on one side and the air distributor for 
starting and reversing on the other. Each cylinder has an air check valve 
piped to the air distributor and a relief valye oped to the atmosphere. 

ese relief valves can be operated either independently or simultaneously 
by a lever at the front end of the engine, so that the entire control of 
speed, starting and reversing, and pressure relief is brought within easy 
access of the engineer. 

Forced-feed lubrication is used for the cylinder, main bearings, crank 

in and wrist pin, each pipe terminal fitted with a lubricating sight check. 

hese lubricators are of the single-plunger, distributor-disc type, fur- 
nished by L. T. Weiss, of Brooklyn, and used in large quantities by the 
United States Government on single and multi-cylinder engines and guar- 
anteed to force oil against 200 pounds pressure... A hardened steel worm 
engages a worm-wheel disc, which latter carries a steel plunger with its 
operating yoke. As the check turns, the two diametrically opposite pro- 
jections of the yoke and the fixed star wheel ‘operate as an escapement, 
reciprocating the plunger, to draw in and discharge oil through a hole 
in the disc, registering alternately with the suction and discharge hole in 
the base. Each discharge has a screw coupling for copper tubing, The 
whole’mechanism ‘being ‘very simple’ and ‘substantial; and submerged in’ oil, 
with an’ extremely ‘slow’ movement, these lubricators run ‘for many’ years 
withotit the least wear or‘ adjustment. 

This type of marine engine requires no’ flywheel ‘and no’ special scaveng- 
ing pumps. The weight per horsepower is reduced to approximately 150 
pounds without sacrificing a reliable factor of ‘safety within the limits of 
working ‘pressure.’ At a pressure ‘of 500 pounds per square inch the maxi- 
mum main bearing pressure does not exceed 509 pounds per square inch 

rojected area. The ‘shaft in the 1634 by 22 unit is ‘834 itches diameter. 

he bearing length is 1234 inches. There is a center bearing’ between 
each cylinder in the multi-cylinder type. ‘The bearing’ presstire, therefore, 
is 500 X 214 == 107,000, divided by 210509 pounds, ‘as stated above, while 
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the mean pressure is below 100 pounds per square inch projected area. 
The mean crank-pin pressure equals 290 pounds per inch projected area. 
The connecting rod being five crank lengths, the side thrust at crank circle 
tangent is below 40 pounds per square inch projected area. The piston 
is 1634 inches diameter and 33 inches in length, giving a projected area of 
33 X 16% = 544 square inches. The mean wrist-pin pressure averages 475 
pounds per inch. The size of the wrist pin is 514 X 8% 45.37 square 
inches projected area. 






| 
End Elevation, Showing Oil Distributor Valve 


Referring back again to lubrication, which undoubtedly is one of the 
most important features of any engine of this type, it should be noticed 
that this engine uses a pressure system very similar to that adopted by 
high-speed gasoline engines. The shaft is drilled al! the way along the 
main bearings, crank cheeks and crank pins, with an outlet at each bearing 
znd crank pin, so that with oil under pressure connected to the end of 
the crank shaft all bearings are flooded with oil and the wrist pin receives 
its lubrication from the crank pin through a hole in the connecting rod, 
provided with a check rod running the entire length of the hollow con- 
necting rod. When the engine is in operation this rod plays about one- 
cight of an inch between the wrist pin and the crank box for the purpose 
of checking the oil which has once passed the rod, and retaining same for 
wrist-pin lubrication. With this pressure system there is really no need 
for a special check rod for the oil in the connecting rod, but this provision 
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is of considerable advantage, -inasmuch as there is no oil in the rod when 
the engine has been standing for a sufficient time to enable the oil to 
leak out. With the oil in the rod the wrist pin will get ‘its’ !ubrication 
right from the start, and this prevents any cutting of the bronze bushing 
which bears against the steel-hardened and ground wrist pin. In the cus- 
tomary way of putting the wrist pin directly through the piston, usually 
cast with heavy bosses on each side, the chances of conducting heat to 
the wrist pin are much greater than in the wrist-pin carrier arrangement 
used in this engine. 

Particular attention is. drawn to the illustration showing the conical 
piston with its even thickness of metal, to the, connecting rod, to the 
piston-pin carrier and to the piston pin, where it will. be noted that the 
wrist pin is mounted in a separate carrier which is locked inside of the 
piston by means of a snap ring, thus dispensing with the ordinary piston 
construction calling for heavy bosses on the. body of the piston. Inas- 
much as there is less heat conducted with the arrangement here shown, 
the lubrication of the wrist pin and durability of it is materially increased. 
The heat flowing from the piston wall to the wrist pin in the other style 
of engine necessarily makes the lubricating oil very thin, and when the 
engine is shut down and the lubricating-oil feeds ceased, the pin becomes 
practically dry. Later, when the engine is started, there is a very good 
chance of trouble, because it takes. several minutes before the. oil, can 
reach the pin. In the design of. wrist-pin carrier here set forth, the tem- 
perature is lowered and, with a check rod in the, connecting rod, the 
lubricating oil is kept ata level which will. provide lubrication for. the 
pin immediately with the starting of the engine.—“ Marine Engineering.” 


ELECTRIC PROPELLING MACHINERY FOR THE BATTLESHIP 
TENNESSEE. 


While electric propulsion gives approximately the same overall. economy 
in steam consumption as.a gear-turbine drive, nevertheless it. offers: an 
added advantage of greater latitude in the. location. of the .propelling 
machinery, a feature which is of greatest importance. in. the.design. of 
naval vessels. The United States Navy has taken the lead in,'the, appli- 
cation of electric drive to battleships and battle cruisers; and of the recent 
installations, that of the battleship. Tennessee. is of special interest, as it 
involves certain features. which. have been developed. as a result of pre- 
vious installations of electric propelling machinery in vessels of this 
class. The principal details of the installation on the Tennessée were 
described by Wilfred Sykes, general engineer for the Westinghouse Elec- 
tric & Manufacturing Company, East Pittsburgh, Pa., in a recent issue of 
“The Electric Journal,” from which the following information. is taken; 

The Tennessee will be one. of the most powerful, fighting. ships built, 
having displacement of over 32,000 tons and.a speed of 21 knots. at full 
power, The equipment for propelling the ship will consist of four 3-phase 
induction motors, each driving one propeller, and two turbo generators for 
supplying the motors with power. ‘ 

Each of the four. motors. will develop 7,000 horsepower at a speed of 
about 180 revolutions per minute, and will, be capable of, working: con- 
tinuously at 8,375 horsepower as an overload condition; The motors have 
two windings of 24 and 36 poles, so that they have two normal speeds of 
123 and 180 revolutions per minute with full speed of the turbine. In this 
way it is possible to run the turbine at its most economical speed when 
steaming either at full power or cruising at 15 knots. Intermediate speeds 
are obtained by varying the speed of the turbine, and the equipment is 
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designed to maintain a low water rate over the full range of speed from 
ten knots up. When operating below 17 knots, only one generator is used, 


and this improves the economy, as the load on the unit is brought nearer 
to its full capacity. 


TWO-POLE GENERATORS. 


The turbo generators supplying power to the main units each develop 
13,500 k. v. a. at full speed and are capable of carrying 15,000 k. v. a. con- 
tinuously for the overload conditions. ‘The generators are two-pole 
machines and the unit’ runs ‘at 2,190 revolutions, corresponding to 36.5 
cycles per second, with the motors’ running at’ 180 revolutions’ per minute. 
The maximum speed of the turbo generator is 2,270 revolutions per minute, 
corresponding to 37.9 ‘cycles, equivalent to a motor speed of 186.5 revo- 
utions per minute, which requires 8,375 horsepower. ‘To obtain lower 
speeds, the turbine speed is reduced to about 1,500 revolutions per minute, 
which corresponds to the change-over point from the 24 to 36-pole con- 
nection of the ‘motors. 

With the change-over of the motor connections, the speed of the gen- 
erator is increased to 2,270.revolutions, corresponding to 15 knots with 
the 36-pole connection. ‘The motor speed combination is simply the 
equivalent of a variable ratio of gearing, which, in the case of the 24-pole 
connection, is'12:1, and with ‘the 36-pole connection 18: 1. 

The direction of rotation of ‘the machines is controlled by: reversing 
switches which simply trafispose two of the phases’ of the motors, the 
generator, of course, continuing to run in the same direction. 

The motors have two separate windings on the stator, one the 24-pole 
and the other the 36-pole connection: The same results might have been 
obtained by use of one winding, but this would have entailed greater 
complication in‘ the connections and would have restricted the design in 
other ways. 

The rotor has a single polar winding for 24 poles, which is connected 
to'the slip rings inthe ordinary way; ‘so that resistance can be inserted 
in the circuit during starting or reversing.’ “When the machine is operating 
on the 36-pole connection the ‘rotor winding cross-connections act as short- 
circuiting connections’ for this pole combination. With the 24-pole’ com- 
bination, they act as equalizing connections between ‘points of equal poten- 
tial. On ‘the 36-pole connection the motor operates as a squirrel-cage 
machine, and it is not intended that this winding should be used during 
the starting or reversing, but’ only as’'a running winding. In this way 
only one winding is used and one: set of slip rings. 


THE TURBINE GOVERNOR. 


The speed of the turbine is varied by means of a unique hydraulically- 
eperated governor. The loading of the governor is regulated by means of 
a variable-pressure’ oil system, the pressure of which ‘is regulated with 

reat accuracy by a pressure regulating mechanism operated ‘by the control 
handle. In this way any mechanical ‘connection through shafts or rods 
with the governor from the operating point, with the consequent danger 
of jamming where passing bulkheads, is avoided: A’ unique’ feature 
of this arrangement is that the pressure is caused to’ ptilsate ‘slightly so 
that the whole’ of the regulating ‘and governor’ mechanism ‘is kept slightly 
in motion, and thereby prevented from’ sticking, also adding greatly to the 
sefisitiveness of the control, which is of great itiportance -when ships’ are 
steaming in formation. ; ; 

‘The turbines are of the Westinghouse semi-double flow, impulse-reac- 
tion type. ‘The high pressure steam is éxpanded in suitable nozzles and 





















NOTES. 253 


passes through a two-row impulse wheel,. after which it passes through the 
first stage of the reaction expansion, which: is: single:flow. The steam 
then divides and passes through the low-pressure stages: of the turbine, 
which are double flow. The turbine is provided with an automatic stop 
te cut off steam in case the ‘speed should ‘exceed the maximum safe 
operating value. The main hydraulically operated governor maintains 
speed practically constant at any value set by the control mechanism, inde- 
pendent of the load, so that in case the propellers should leave the water 
during rough weather there will be no racing. 


INSULATION. 


The generators and motors are very carefully insulated’ for this service, 
so as to prevent damage due to moisture’ or the accumulation of salt, 
and also due to the high temperatures which are liable ‘to’ be encountered 
in this service. The principal material used for insulation of coils in the 
slots is mica, and the machines are capable of withstanding’ slot tempera- 
tures up to at least 150 degrees C. without injury. Ventilation’ of ‘the 
generators is provided by fans supplying air to each engine room and the 
fans on the generator forcing the’ air through the machiné ‘and out through 
ducts. The motors each have two fans’ mounted difectly above’ them 
which draw the air through the motor and force it: out through ‘the ‘ven- 
tilating ducts. The generators are excited’ from’ the direct-current: power 
circuit of the ship through boosters which are ‘capable of raising the 
uiormal 240-volt supply to 320 volts or reducing it to’ zero. , 

The power supply from the turbo generators is brought to a centrally 
located control room in which is’ mounted all the necessary switching appa- 
ratus for controlling and distributing the power to the! motors.’ In this 
room is mounted the regulating apparatus’ for the ‘main’ ‘turbines, the field 
switch and rheostat ‘for the turbo ‘generator excitation} and the liquid 
rheostats for the main motors. All necessary instruments for the opera- 
tion of the equipment are mounted ‘directly in frofit ‘of the opératorts and 
full advantage is taken of the great facility with which electric power’ can 
be measured, inasmuch as it will assist in the ‘operation ‘of the ship: 


AUTOMATIC LIQUID RHEOSTATS. 


For starting and reversing the main motors, automatic liquid) rheostats 
are used which are of a similar design to those:used previously for indus- 
trial purposes. These liquid rheostats consist of two tanks, the upper 
containing a series of fixed electrodes and the lower acting as a reservoir. 
By means of a suitable. pump, the electrolyte is caused to flow from the 
lower to the upper tank at the proper rate to cause the desired acceleration. 
When the by-pass between the two tanks is open the electrolyte is main- 
tained within the electrode tank:at the proper level to give the maximum 
resistance. When this by-pass is closed the electrolyte rises in the upper 
tank, thereby. progressively short-circuiting the electrodes until the mini- 
mum resistance is reached at the overflow point, after which the liquid 
simply continues to. circulate, through the two tanks. A switch is pro- 
vided so that this rheostat. may. be short-circuited.’ 

The cables for connecting the turbo generators and motors are of great 
importance, as the operation of the ship depends upon their reliability’. 
A number of parallel circuits are used, each cable being of the three-core 
type, and the failure of any single cable would not seriously interfere 
with the operation of the ship. e main cables are of the same order 
of. importance as the main steam pipes; hence the greatest care has been 
taken to insure that these cables should be the best type that is possible 
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to manufacture for the service, and to this end a committee : of. the 
American Institute of Electrical Engineers assisted the Navy Department 
in preparing the specifications: 


ENGINE-ROOM AUXILIARIES. 


The main auxiliaries in the engine room are electrically: driven. The 
main circulating pumps are driven .by 235-horsepower, direct-current 
motors, directly connected to centrifugal pumps, the speed of which can 
be varied to suit various conditions of operation. In this way the power 
consumption can be reduced as the speed of the ship is reduced. The prin- 
cipal provision for maintaining vacuum in the condenser is the use of 
LeBlanc air ejectors, which are, novel for this class of ship... These air 
ejectors have already been successfully tried out by tlie Navy Department 
on other vessels with such satisfactory results as to justify their adoption 
for these vessels. The condensate from the condensers is. handled by 
vertical electrically-driven centrifugal condensate pumps, so that the whole 
of the essential auxiliary apparatus for the turbines is rotary, and, based 
cn the experience in land service as well as at. sea, a greater reliability 
and lower maintenance can be anticipated for these equipments compared 
with past practice... The use of air ejectors enables the vacuum to be 
maintained at least as high, if not higher, than the older combination of 
reciprocating air pump and Parsons augmentor, and the space and weight 
are a very small fraction of that required with the older system. 

While steam consumption is not of vital importance, on account of. the 
other advantages of electric drive, yet the figures that can be obtained 
are very appreciably better than the direct-connected turbine and are 
lower than any past practice. From 10 to 15 knots only one generator 
is used, the motors being connected for 36 poles. From 15 to 17 knots 
the motors are connected for 24 poles and one generator is used. From 
17 knots to 21 knots both generators are in operation, each machine sup: 
plying gorver to two motors, each side of the ship being independently 
cperated. 

In designing the equipment for the Tennessee, every effort has been 
made to avoid the introduction of experimental or risky constructions, 
and the design is such that the experience gained in other fields has been 
utilized to full advantage, and the design factors have been kept within 
well-developed practice. At the same time, provisions have been made 
so that the full advantages of the characteristics of electric drive can be 
utilized in the operation of the ship—* Marine Engineering.” 





SEVEN WORKSHOP HINTS. 
By Frep Horner. 


Repairing Broken Hack-saws.—Fig. 1 shows a method the writer has 
found very effective in penn with hard hack-saw blades which have 
broken, and need a fresh attachment in a shortened frame. It is difficult 
and time wasting to attempt softening and drilling for a fresh hole, and a 
far quicker dodge is to run a groove into the saw with a narrow grinding 
wheel. This takes but a few seconds, and the heat developed softens the 
blade in the area, ‘so that it is better able to resist breakage than if hard. 
The slot is then hooked over the pin and the frame strained up as usual. 

Soft Jaws for Pliers—iWhen soft brass or other material has to be bent 
with the pliers, the hardened serrated jaws of the latter damage the 
surface of the metal. Fig. 2 shows how to fit readily detachable clams, 
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made of a strip of soft copper, looped to catch in the concavity between 
the jaws, and flanged to fit over the nose and prevent side movement. 

Limit Fitting for Micrometer—Fig. 3 represents a fitting to lessen the 
trouble of reading a micrometer caliper on repeat sizes, incorporating a 
pair of arrows or pointers which can be set opposite to the high and low 
limits respectively, thus drawing attention to the graduation lines in a 
clear fashion, One band of thin metal A, with a pointer, is encircled by 
another B, furnished with ears and screw and nut to draw it tightly around 
the inner one, This screw is tightened after twisting the bands respectively 
to bring the pointers to the graduations desired. 

Clamp for Marking-off Vee-block.—Fig. 4 shows a clamp attached to 
the side of a vee-block, and used to bind a shaft with sufficient firmness 
for marking-off purposes. It is. more particularly useful in cases where 
a shaft or a-casting or forging has arms or lumps upon it. 

Attaching Clam to Vice Jaw—aA neat method of attaching a brass or 
copper clam to a vice-for some work which lasted several days was 
noticed by the writer, and is illustrated in Fig. 5. The holding screws 
of the steel jaws are slackened sufficiently to admit the interposition of 
the bent’ round corner of the clam, and again tightened, giving a grip 
that permits of no slipping about. 

Stop for Vice for Cutting Off Rods.—A. fitting for a bench vice to hold 
a stop-rod, without any necessity for drilling or otherwise mutilating the 
vice, may be seen in Fig. 6. The device comprises a clamp A straddled 
ever the back jaw, and locked with a set-screw, and holding a rod B. 
The latter has a plate riveted on it, and the rod is adjusted so that when 
the work is projected tothe correct distance, a hack-saw may be applied 
close to the side-of the vice. 

Adjusting Work for Soldering or Brazing—The final illustration shows 
avery useful tip which has been found of much value in supporting 
articles of awkward shape for soldering or brazing. The work (in the 
example, a blade for an air blower) is rested within a ladle, and the latter 
is-supported- upon-a -bed-of-small-coke. By tilting.the ladle suitably any 
portion of the work can be brought level to let the solder or spelter flow 
exactly where wanted. The ladle also conserves the heat, and saves the 
metal dropped from the joint.—“ Mechanical World.” 


MEMORANDUM ON CUTTING LUBRICANTS AND COOLING 
LIQUIDS, AND ON SKIN DISEASES PRODUCED 
BY LUBRICANTS.* 


Part I.—Cuttine LusricaANts AND CooLINc Liguips. 


1. Cutting lubricants and cooling liquids are oils or emulsions used in 
connection with the cutting of metal. They possess lubricating and cooling 
properties in different degrees, and the various classes into which they 
are divided may be defined as follows: 

Soluble Oils—The products known as soluble oils ure only liquids which 
form an emulsion when mixed.with water. 

Soluble Compounds, Also Known as Cutting Compounds.—Soluble com- 
pounds or cutting compounds are greasy. pastes which form an emulsion 
when mixed with water. ‘ 

Cutting Emulsions—Cutting emulsions are aqueous emulsions formed 
.by mixing soluble oils or soluble compounds with water. 





*Bulletin No. 2, of the Scientific Industrial. Research Depart t. Repri 
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Cutting: Oils-—Cutting ‘oils are oils: such ‘as lard’ oil, rape: oil,.or: mineral 
oils, or a mixture ‘of such oils free: from water and from soap.) These 
oils do not ordinarily form emulsions: with water: - 

2.. Cutting lubricants and cooling liquids! are used for the purpose\of— 


(a), Cooling. ii) 5) . 

te Lubrication, : 
c),.To produce smooth finish, 
By To, wash away. chips. 


e) To protect the finished product from rust or corrosion, 


(a). Cooling —During operation the heat developed warms not only the 
tool, but also the material which is being machined. On cooling the latter 
will contract, and the dimensions will differ from the measurements taken 
during the process of machining, 

The importance of properly cooling the ‘product is, therefore, obvious, 
particularly under high-speed conditions and with materials, such as 
aluminum, which have a high coefficient of expansion. 

If the tool heats too much the cutting edge will wear rapidly. The, heat 
generated at the point of the tool is conducted into the body of the tool; 
if the tool is of large, section the heat is more readily. dissipated than, is 
the case with a tool of light section. Efficient cooling of the tool edge 
reduces wear and enables a greater output to be obtained. “This is most 
apparent with high-speed steel, the gain in cutting ‘speed on steel and 
wrought iron being from 30 to 40 per cent, and on cast iron from 16 to 
20 per cent. . Efficient cooling of the shavings on the side not in contact 
with the tool is particularly important with tough material, helping to 
retitce bis friction produced by the shavings rubbing against the nose of 
the tool. as 

(b) Lubrication —Lubrication is ‘of little. importance where the manu- 
factured article ‘is made of brittle material, as the material is rémoyed 
in the form, of powder or fine chips.. In the. case of cast iron considerable 
advantage may be obtained by using an aqueous emulsion in order to wash 
ihe dust away from the working parts and to prevent its dispersal in 

e air. 

Lubrication is very important where the metal is tough, the material 
being removed in the form of spiral shavings, which grind their way over 
the nose of the tool. The character of the chips or shavings produced 
will depend upon’the form given to the tool by grinding, and also upon the 
angle at which it is “used. sie id 

he heavier the cut the greater will be the metallic friction. and. the 
greater the necessity for lubricating the nos¢ of the tool, otherwise the 
shavings will’ produce, Bre friction, resulting in rapid destruction of the 
tool ‘aiid’ Thrown Fits ost omnarivny lim ioldgilo® &. of 
(c) To Produce Smooth Finish—When the requirements of. cooling 
and lubtication are satisfied the product will receive a good finish. It. is 
also desirable that the cutting oil should have sufficient fluidity, to ensure 
a rapid stream being concentrated when required, "Where a perfect finish 
is desired, experience has shown that cutting oils, possessing great_oiliness 
must be applied. ‘For'this reason various animal or vegetable oils, or rich 
mixtures of such oils with mineral. oils, are usually employed. Some 
engineers find vegetable oils posséssing great oiliness, such as rape or 
cotton seed oil, preferable to, either mineral,or animal. oils in producing a 
very smooth finish. Dies, taps, reamers, and. form-tools, have !a: longer 
life when used on tough steel if a cutting oil is employed in place of an 
emulsion prepared from a compound ‘or soluble oil.'For ‘finish boring, 
rifling, etc, a mixture of castor ‘oil. and: mineral ‘cleaning oil) (gravity 
about 860-890). in the: proportion of 3 parts of cleaning oil to 1)of castor 
cil has been used with good results; although ‘those oils do ‘not form a 
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homogeneous mixture; the addition of ‘an equal volume: of. turpentine \sub- 
stitute (white spirit) causes: perfect solution to‘ take i place;:and is said to 
be advantageous for finish-turning on’guns:and ‘hard material. 

(d) To Wash: Away Chips.—Frequently the washing» away .of ‘chips: is 
quite an important function of the cutting lubricant or cooling liquid, 
particularly in cases of deep drilling, as in drilling rifle barrels and the 
like, also in most milling operations. 

If the cutting emulsion is used too weak it will not carry, away with it 
the minute particles of metal and scale which: may prove detrimental to 
the machine’ tool. iets 

In the boring of deep holes, gun tubes, etc., a solution of. sodium car- 
bonate (50 pounds). and soft soap (25 pounds) in, water (200 gallons) 
has been found to give, very satisfactory results... pte 

In solid deep-hole boring, where cutting emulsions are used, it is some- 
times found that the emulsion, in, filtering throug the chips in the bore, 
becomes changed in character in such a manner as. to lose some of its 
lubricating quality. ue eee i. 

(e) To Protect Finished Product from, Rust and Corrosion—Good 
cutting oils used “ straight” (7.¢,, not emulsified with, water), will not. cause 
rusting. ai 

Cutting oils containing fixed oils (animal or, vegetable oils), such as lard 
oil, with a large percentage of free fatty acid, will cause verdigris on 
brass. parts. Vegetable oils containing only a small percentage of free 
fatty acid,.such as rape oil, when employed in cutting oils do not produce 
verdigris unless the oils are rancid. ta 

Cutting.emulsions made up from cutting. compounds or soluble oils and 
water cause Tusting if they dre used too weak, or if they contain acid. 
Water’ from some sources contains considerable quantities of , sodium 
chloride (common salt), which is most destructive, to the emulsion; in 
such casés.a supply of water free from salt must be used. | ie 

Emulsions’ ‘of oil and water. are not. stable in the presence of even 
minute quantities of acid. “The acid causes separation of the emulsion 
into layers of oil and water, the water is circulated by the pump and 
causes rusting of the work. To a limited extent the emulsion can be 
reformed by adding a calculated quantity of ammonia sufficient. to. neu- 
tralize the acid, but any excess. of alkali may facilitate corrosion of, the 
metal being worked. ila ie, i AS errs st 

The admixtute ‘with a soluble oil of paraffin oil (5 per cent or, more) 
prior to the addition of wafer has been reported to give good results; a 
thin film of paraffin,oil forms on the top ofall standing oil in barrels and 
tanks and prevents the. actéss of air; similarly a thin film of paraffin 
oil forms over machined parts, machines. and tools, which prevents, gum- 
ming and rust. ‘It shouldbe noted, however, that the, addition of paraffin 
to.a soluble oil reduces its lubricating and emulsifying properties. 

Emulsions must ‘not’ be’'tnade by mixing soluble, oils or cutting, com- 
pounds ‘with hard water owing to the precipitate caused by the action of 
the calcium and magnesium salts in such water. Soft water must be used, 
which may ‘be either rain, water or distilled water, or, if neither of. these 
is ‘available; the hard water must be athened by chemical means, 

; si “SELECTION OF CUTTING LUBRICANTS. ts 

3: Before selecting the correct grade ‘of cutting lubricants it is necessary 
to consider’ several important factors such as— ‘ 

(a); Cutting speed and: depth of cut: 5 

(0) The: material,under manufacture.) 91) 1 % 3 
(¢)..The system ‘of application of the lubricant or emulsion. 
(d) The: production..of:skin ‘diseases. pad ser 
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(a) Cutting Speed and Depth of Cut.’ 
ow Speed and Shallow Cut—Low speed and shallow cut ‘requires little 
cooling ‘and little lubrication. 

Low Speed and Heavy Cut—Low speed and heavy cut, particularly if 
the material is tough; demands’a cutting lubricant Hee great oiliness. 

High Speed and Shallow Cut.—High speed and shallow cut demands:a 
cutting medium ‘with great cooling properties, ‘consequently emulsions are 
frequently used. Where a perfect finish is desired, low viscosity cutting 
oils are used “ straight.” 

Where the speeds are particularly high emulsions only should be’ used, 
as otherwise there will be ‘excessive heating of the ‘tools: and of ‘the 
product. 

Turpentine substitute (“white spirit”) isa‘ satisfactory lubricant for 
aluminum, but it possesses’ the’ undesirable’ quality ‘of inflammability, and 
if employed must be used with care on this account. 

A mixture of petroleum burning oil (paraffin oil). with lard oil or other 
cutting oil for high-speed work in connection with aluminum is also 
dangerous and has led to several fires, It is better to use cutting emul- 
pl which ‘possess the necessary cooling ein planer ‘and are ‘not ‘inflam- 
mable. 

High Speed and Heavy Cut—High speed and heavy’ cut.-demands'a 
cutting lubricant ‘with great cooling as’ well ds lubricating: properties; so 
that-heavily compounded cutting’ lubricants of low viscosity must:be used: 
I.ow viscosity is necessary to give good cooling etfect, and heavy com- 
pounding ‘with animal or vegetable oils'is requisite so''as to lubricate the 
tools and shavings effectively and ‘prevetit’ wear as far’as possible. For 
tough material and heavy cuts an emulsion containing 15 to 20: per cent 
of a vegetable oil has been reported to be satisfactory. 

(b) Material Under Mowafacture: —The influence of the material upon 
the choice of cutting ‘oil has already been referred to (see Section 2). 

Where material is brittle, cutting emulsions are ‘nearly always: used. 

Where the material is tough, but’ where the speeds are high and ‘the cut 
light, ctitting emulsions are also frequently employed; but where. the 
material is tough’ and the cut heavy it’ is’ necessary to employ cutting lubri- 
cants used “straight” and containing a percentage of animal or vegetable 
vils (ranging from 10° to ‘50 per cent) or consisting entirely of: such oils. 

With automatic screw-cutting: machines, ‘emulsions have been ‘found in 
some ‘cases’ to form a deposit in the working parts of the machines. 
This may be avoided by the employment of “ straight” oils; but in view: of 
the present scarcity of oil, it is advisable! in the national interest touse 
emulsions’ wherever’ possible: 

The amount’ of ‘soluble: oil or soluble compound ‘ised for preparing the 
cutting emulsion varies from 214 to 20:per ‘cent,’ the richer. mixtures 
used for severe ‘conditions, andthe weaker mixtures: for: light: duties’ or 
for materials such as brass and aluminum: where there’ is no! danger. of 
Tusting 

(c) -) System of Application. 

The ‘cutting lubricant may be applied by hand by a drop-feed aystem or 
by some system employing gravity or pumping. 

In large machine shops the cutting oil is sometimes circulated through 
pipes — mut the vy returning through other pipes from: .the 
machine: tools ito a central tank 

Group svinbihe with! central tanks are excellent . where one mixture is 
used for all machines on the’ circuit, 

Return, pipes, should' be large, and should’ be arranged. for easy access 
for cleaning;:in: large, 'systems isolating valves should, be..emp oyed to 
sectionize the system); efficient strainers should be fitted, on all return pipes 
and pump sections and should be cleaned daily, Tanks as.a,rule should 
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be cleaned out every four weeks and return pipes every four. months. 
Any scum formed should be skimmed off the tanks daily 

It is important both with this system and where oan tools have 
individual pumps that the pump’s suction should be always covered so that 
air cannot be drawn. into.circulation, since aeration of the circulating 
medium has'a strong oxidizing effect upon the oil or emulsion. The im- 
portant point to keep in mind. in regard ‘to the system of application 
of the lubricant is that where the oil or emulsion is circulated over and 
over again, it is exposed to the oxidizing effect of air.and to admixture 
with dust and dirt from the machine shop. 

A certain amount of oil or emulsion is always splashed away from the 
machine tools in the form of spray, and is lost notwithstanding precau- 
tions taken by the use of. splash guards ; the loss of oil depends. very 
largely upon: the viscosity of, the: cutting medium. 


PHYSICAL AND CHEMICAL POINTS OF INTEREST. 


4. Cutting Oils—The mineral oils, which are best suited to be used as 
cutting lubricants, either alone or mixed with animal or vegetable oil, are 
mineral oils, preferably of pale color, of low viscosity, ranging from 100 
secs. to-200 secs. Redwood at, 100 degrees F. The lower viscosity oils 
may be used: for ‘high-speed conditions, and oils with higher viscosity may 
be used for slow-speed conditions. Of the animal oils used either alone 
or in admixture, tinged lard oil containing as much as 10 to 15 per cent of 
free fatty acid is most, frequently employed, Prime lard oil is almost 
free from acid; it is much more expensive than tinged lard oil, but is less 
inclined to gum under seyere conditions (heavy cut and high speed). 

Lard oil: congeals in. cold. weather, so that, wherever. possible, a mixture 
of lard oil;and low cold-test mineral, oil, is to be preferred on account 
of greater fluidity in the cold, Experience has proved that. most. cutting 
lubricants, containing vegetable :oils, se agra if they are heavily blown 
{ie., thickened by oxidation), are. liable to produce gummy deposits in 
circulation systems, . These deposits interfere with the proper operation of 
the machine, ‘and necessitate frequent cleaning of. the machines, which not 
only increases the costs, but ialso. decreases the output. 

Cottonseed ‘oil: oxidizes more readily than rape oil, and should not: be 
used in»the’ manufacture of! cutting lubricants. that are to, be used in a 
circulation ‘system. Animal ‘oils are not:so. easily oxidized in a,circula- 
tion system as are vegetable oils. 

Experience shows that lard oil only produces: deposits: :in., circulation 
systems under severe operative conditions: when the percentage of free 
fatty acids*exceeds, say, 10 per-cent. 

When oils:'of low volatility. are used a| certain proportion, of the oil -is 
evaporated by the heat produced in the work; this is. objectionable .on 
account of the smoke and fumes created. Where cutting emulsions are 
used steam only is produced. 

Prtce oils are nearly always: used “straight’—é.e., without admixture 
of water. 

Certain cutting oils containing at least 5 per cent of free fatty acid and 
preferably more than 20 per cent of saponifiable oil (animal or vege- 
table oil) may either be used “straight” or in the form of cutting emul- 
sions. They will’ emulsify with water to which the requisite amount: of 
alkali (soda ash, borax, etc.) has been added. 

Soluble Oils and Soluble Compounds.—Soluble oils are: prepared: by dis- 
solving a ‘soap (usually less than 20° per cent) “in a mixture of mineral 
oil (usually less than '70 per cent) and saponifidble oil. (usually: more 
than 15 per cent). 
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The. saponifiable oils used, in making the, soap are either of. animal or 
vegetable origin, such’ as lard oil or other olein. from animal fat, whale 
oil, wool grease, castor oil, sulphonated castor oil, rape oil, cottonseed. oil, 
resin, resin oil, etc., and the oils are saponified by: means of caustic! soda or 
caustic potash. 

Some soluble oils or compounds contain a small percentage of alcohol 
or ammonia, which causes the emulsion to, form more readily. 

When soluble oils containing ammonia are stored. for several months in 
wooden barrels, the ammonia is sometimes absorbed by ‘the barrel, and the 
oil is no longer completely soluble in water. 

With cutting emulsions made from soluble oils containing ammonia, the 
ammonia volatilizés under severe conditions of service, and'a scum is 
produced on the surface of the emulsion which is objectionable, as it 
tends to clog the pipes in the circulation system, and by adhering to the 
swarf or chips causes considerable loss of oil. Soluble oils containing a 
large percentage of resin or resin oil have a tendency to cause gumming. 

oluble compounds are made ‘on similar lines to soluble oils, except that 
they contain 10 to 50 per cent of water and are in a semi-solid and semi- 
emulsified condition. They are not so easily mixed with water as are 
soluble oils, and for this reason the latter are usually preferred. 


PART II —SKIN DISEASES PRODUCED BY LUBRICANTS. 


1. Oil rashes are, generally speaking, of two kinds—the first is due to 
plugging of the small glands at the root of the hairs on the arms and legs 
of workers, the second to mechanical injury to the skin produced by 
metallic particles +n) i in the cutting lubricant. 

(a) Plugging of the Glands of the Hair Follicles. ; 

Primarily this is purely mechanical; a mixture of oil and dirt blocks the 
minute openings of these glands and sets up inflammation round.the hair 
(folliculitis). The inflammation commenced in this way may lead on to 
suppuration or abscess formation (a boil). .If.many.hairs are effected the 
arm presents an, appearance of a crop of raised red spots. (papules), with 
a. black spot as a center, or, if the inflammation has gone as far as sup- 
puration (abscess formation), a yellow head. ‘ 

(b) Mechanical Injury to the Skin by Metallic Particles. 

Minute metallic particles suspended in the cutting lubricant may. produce 
injury to the skin. This occurs chiefly on the hands; where two surfaces 
are rubbed together—e.g., the skin between the fingers. Injury to the skin 
may also be produced on any part of the hands and arms by: wiping with 
a cloth or rag while the hands or arms are coated:-with a film of fiuid in 
which metallic particles are suspended. Injury to the skin allows:germs to 
enter and causes septic infection. 


2. Prevention—(a) Cleanliness of the Worker—Washing accommoda- 
tion for workers in contact with oil must be on a liberal scale. Hot 
water, soap, and scrubbing brushes are essential, ‘Workers ‘should ‘be 
instructed not to wipe their hands on rags, etc., before washing, and 
to avoid washing their hands in the cutting compounds. : 

Ether soap, which dissolves oil, has been found useful in preventing 
inflammation of the hair follicles. Dusting the arms with a powder con- 
taining equal parts of starch and zinc oxide before’ commencing work 
prevents the action of the oil on the skin. 

(b) Cleanness of the Lubricant.—Care must be taken in the handling of 
the constituents before blending that they have not undergone changes 
(e.g., formation of free fatty acid). 

- Constant removal of metal particles is necessary to'avoid injury to the 
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skin, Filtration, such as is provided on the machines, and’ centrifugal 
action are insufficient to remove the minute metal particles which may 
injure the skin. Where cutting oils (straight oils) are used, their viscosity 
can be diminished by heat sufficiently to allow the particles to sink without 
affecting their value as lubricants. This operation completely removes 
all metal particles. In other lubricants where such a procedure is impos- 
sible it is necessary constantly to change and renew the cutting lubricants. 

(c) Cleanness of the Machines —Frequent cleaning of the machines with 
the oe of all the old lubricant from all parts of the machine is 
essential. 


3. Addition of Disinfectants. or Antiseptics to the. Lubricants.—Various 
antiseptics, carbolic acid (1 to 2.per cent) being the most common, have 
been added to the lubricant to prevent rashes, and in the case of cutting 
emulsions 0.5 per cent of disinfectants soluble in water. have been. used 
for this purpose. The results obtained have not been altogether. satis- 


factory, and reliance cannot be placed upon such a method to prevent skin 
rashes. 


4. Sterilization by Heat—It has been suggested to heat the cutting oil 
to 300 degrees F. for a short period with a view to sterilizing it, as well 
as to increase its antiseptic or germicidal action. 

Laboratory experiments in America have shown that used oil possesses 
rather marked germicidal effects, and in view of the fact that the used 
oil becomes heated during use, attempts were made to determine whether 
heating new oil would also bestow upon it germicidal powers. Apparently, 
heating does produce such a change, but the temperature required is 
upwards of 125 degrees C. The actual temperature required to produce 
this germicidal action in the oil has not yet been determined, but it has 
Leen recommended to mix new. oil with the used oil before filtering and 
heating, so that the new oil would possess to some extent the germicidal 
power of the used oil. : 


5. Removal of Workers with Septic Infection of the Hands—Workers 
whose hands become the seat of septic infection should not be allowed to 
work on ‘machines, as they are liable to infect the oil with germs and so 
infect others. 


6. Treatment—(a) Folliculitis Produced by Blocktng of the. Glands,— 
As a general rule, frequent washing’ with soap and hot water is sufficient 
to produce a rapid cure. ‘The skin may be subsequently dusted with zinc 
oxide and starch powder. 

It has been found that where this is insufficient a mild antiseptic applied 
on lint has relieved the irritation and given good results, 

(b) Septic Infection of the Skin Due to Cuts—Septic infection should 
be treated on general principles by the application of suitable antiseptic 
dressings. , 


7. Susceptibility—Certain individuals appear to be particularly suscep- 
tible to: the action of lubricants. Such persons when found should: be 
removed from contact with oil.“ Mechanical “World.” 
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THE PROPULSION OF CARGO SHIPS WITH PARALLEL 
MIDDLE BODY. 


Variations of Shaft Horsepower, Propeller Revolutions, and Propulsive 
Coefficient with Longitudinal Position of the Parallel Middle Body 
in a Single-Screw,Cargo Ship.* 


By Nava, Constructor Wiuitam McEnter, U. S. N., MEMBER. 


Previous experiments made at the United States Experimental Model 
Basin indicatef that for slow ships of full lines, such as are used for the 
ordinary singlé-screw cargo ‘ship, it is desirable to use a certain amount of 
parallel middle body. In those experiments the different models used had 
varying lengths of parallel middle body distributed equally forward and 
abaft the midship section. The present investigation had for its object 
the determination of the best fore and aft position for the parallel part 
of the ship, and the investigation of the effect of this variation on the shaft 
horsepower, propulsive’ coefficient, and“ wake"and thrust deduction factors. 

Four 20-foot-models were--made corresponding to ships of 400 feet 
length between: perpendiculars and of 57.3 feet beam, 26 feet: draught, 
and 13,137 tons displacement when fully loaded. A longitudinal or pris- 
matic coefficient. of 0.788 .was-chosen as representing about the present 
practice in cargo catriers of this type. A constant length of the parallel 
middle body was taken equal to-33=per cent of the ship’s length. This 
percentage was foundin the investigations referred to-above to give 
about the minimum reésiduary-resistance for the speeds attained in practice 
for ships of this type,“ ; 

In Fig. 1, anriexed,are shown the. lines..of..model..2,023 which were 
used as the parent form»<In Fig:.2, are shown the curves of sectional 
area for the four models-and the-parerit form. Model 2,132 was made 
very full at the entrance, with a-fine rum. Model:2,135 was made relatively 
very fine at the entratice and filly in ‘the\run’ Models 2,133 and 2,134 
were intermediate Between the= two extreme. models: The model with 
the very full bow and that with the very. full stern were purposely made 
of an extreme type beyond anything that might be expected to be used, 
in order to give a wide ‘scope to the. investigation-and to insure that the 
limiting condition as>regards power. should~be-obtained at either extreme. 

In the four models the sniddle-section of the parallel middle body— 
that is to say, the section-which-divided-the*parailel middle body into two 
equal portions—was placed at varying distances from the forward per- 
pendicular, amounting to 31.3 percent, 38.5- percent, 53.4 per cent and 
60.5 per cent of. the length of-the ship, respectively. 

The gon were aga — and ae bn a apr with = re 
cast stern frame “included the.stetn bearing for the propeller shaft. 
The stern ee ee tuddér cast with it. The whole frame and 
rudder was fitted! toeach,of..the.four..models before, the self-propulsion 
experiments wére:undertaken, and, together with the propeller shaft, pro- 
peller and dynamometer were transferred fram one model to the other 
as the experiments with each model were conipleted. 

‘The dynamometer consisted of a small direct-eurrent motor, the arma- 
“ture shaft of which was directly connected withthe propeller shaft by 
means of a flexible coupling. The armature shaft was free to float fore 
and aft and aft in its bearings about 7/16 inch in ati axial direction. The 
armature shaft was connected to a calibrated spsing by means of a thrust 
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Phila 
5 tg 






















NOTES. 265 


bearing; ‘so that: the axial: displacement: of the armature ‘shaft gave a 
measurement of ‘the propeller thrusts. Similarly, the: frame of the motor 
was mounted’ so -as' to rotate ‘in independent bearings. The torque: de- 
veloped ‘by the motor acted against ‘a ‘calibrated spring so: that. the deflec- 
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tion of the spring indicated the torque of the motor, In addition to this ° 
hee were suitable means provided for measuring the revolutions of the 
shait. 

The order of procedure in making the tests was as follows: The 
shaft. and. dynamometer: were carefully lined up and the whole run. for a 
sufficient time, to warm up the bearings and reduce the bearing friction 
as much as possible. Owing to the fact that the dynamometer was placed 
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very close to the stern; but a short length of propeller shafting was neces- 
sary, and this was supported by two self-aligning bearings, one at the 
stern bearing and the other at the forward end of. the.stern tube....With 
the propeller shaft in place. and ‘everything working freely the model was 
towed in the Model Basin beneath the towing carriage at several different 
speeds, and‘the propeller shaft, without propeller, run at the range of 
revolutions to be covered in the course of the experiments. The propeller 
was then fitted to the shaft-and cards for torque and thrust and revo- 
lutions per minute were taken with the model self-propelled at different 
speeds. In these tests the model was guided by two plates about 10 inches 
in width placed at either end of the model, so as.to steer it in a straight 
course. The guide plates floated between the guiding points attached to 
the carriage, but the towing carriage did not exercise any force on the 
model in a fore-and-aft direction. Starting at low speeds corresponding 
to about 5 knots for the ship, the towing carriage was adjusted to run 
at a uniform speed. The rheostat controlling the speed of the propeller 
dynamometer was then adjusted so that the thrust of the propeller would 
just keep the model running as fast as the towing carriage, without strik- 
ing the stops, which were placed at an interval of 6 inches. Thus, starting 
with the model in the mid position, it was free to gain or lose a distance 
of 3 inches as compared with the towing carriage before striking either 
stop. When the propeller was running at the proper speed to keep the 
model up with the towing carriage the record of thrust, torque and revo- 
lutions per minute was taken. If, in the course of thé run, the model 
struck either stop on the carriage the run was discarded and another run 
made. Having obtained the desired data at the lowest speed, the carriage 
speed was increased for subsequent runs and similar data taken at higher 
speeds. The range covered corresponded to speeds of 5 knots to 12% 
knots for the ship. About 40 different runs were made with each model, 
giving a corresponding number of points for plotting the torque, thrust 
and revolutions per minute curves. 

The armature. of the propeller dynamometer was especially designed to 
reduce to a minimum the amount of magnetic thrust. This thrust in- 
creased with the torque and amounted to 0.17 pound when the armature 
was displaced -7/16 inch and the torque delivered to the shaft was 16 
pound-inch. Neglecting this at higher powers would have caused an 
error in thrust measurements of 1.4 per cent, ‘but’ would not have caused 
any error in the power measurements. .However, this magnetic thrust 
was separately calibrated, and corrections for ‘it’ were made in working 
up the results Of the experiments. 

It is interesting to note that experiments of this kind with a very heavy 
model, in this Case a displacement of 3,774 pounds, afford a very sensitive 
means of checking the uniformity of speedof the towing carriage. If 
the towing carriage itself were not very carefully adjusted, so as. to elim- 
inate slight variations in power réquired’to drive it, owing to variations 
in the level of the tracks or uneven friction of the driving: wheels or guide 
wheels, the resulting smallaccelerations and retardations. of the carriage 
were made very apparent. As the model, driven by its own propeller, 
when supplied’with a constant voltage, ran-at-very uniform speeds, it 
was possible to see the towing carriage gaining or losing distance of a 
few inches. in 5 seconds or 10 seconds, as slight inequalities of speed due 
to small variations in the resistance of the driving mechanism developed. 
In order to conduct self-propulsion experiments ‘successfully with the 
method followed, it was necessary to have the towing carriage running 
in excellent condition. ©. a fnbsrrahe, rbinen’ 

Immediately after completion of the self-propulsion tests on the model 
the propeller was removed and the runs to obtain the’ shaft friction and 
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the thrust without propeller were repeated. The model was next con- 
nected with the resistance dynamometer on the towing carriage and the 
usual model resistance data taken. This insured that the conditions of 
test both for self-ptopulsion and for the resistance of the model would 
be uniform as regards conditions of the model, temperature of water, 
etc. Experiments on the four models were run on succeeding days, and 
the springs of the propeller dynamometer were calibrated both before 
and after the tests. 

In Fig. 3 is shown one of the dynamometer cards taken for a model 
running at a speed corresponding to about 1034 knots for the ship. It will 
be noted that the deflection of the torque spring for this condition was 
2.47 inches, for'the thrust spring 2.24 inches, and the interval over which 
the revolutions were meastired was 1.78 inches. With.a little practice it 
was possible to read both the thrust and the torque deflections within 
1/100 of an inch. The revolutions could be read to an accuracy of less 
than one-half of 1 per cent. Considering that the data taken are plotted 
and the whole averaged by means of faired curves, it is ‘estimated that the 
results obtained as regards the three elements measured are correct 
within 1 per cent. ‘ 

In Fig. 4 are shown the actual observations of the torque and thrust 
pen deflections, and the revolutions. per minute of the propeller shaft 
plotted on speed of the model, the latter» being india by the speed 
of the towing carriage in the same manner as in the ordinary resistance 
tests. 

The following are the dimensions of the propeller used in the experi- 
ments and also the dimensions expanded to the ship scale: 


Model. _— Ship. 

In. Ft. In. 
Diameter ........5.- Pe cists hisls docks baile b sls ae +i ae 10.125 16 7 
Piteh ... cedads Wek Saab oeslndincdodetedsbaael BE BSd > <.2:° ‘ 9.0 14 9 

Sadiemnicenenient 
|= RR ye bie Sie sah Gd Ne Sak ed le i ted I a a A a Ed v4 aie a 0.889 
Mean width ratio ...... RA ee MH lt. 2 + akan Ya ia SR BR 0.20 
Namber’ oF Diddes® 405 F805 2. Fete Sohicccete scenes 3. 
Ratio of projected to disc area .........ccececeeveceecs 0.266 
Blade thickness fraction. ...,.....-<cccecssssvecesessuds 0,04 


The propeller had three blades.of Taylor’s standard form. 

The propeller characteristics were obtained by separate tests of the 
propeller model run in free water, that is in a separate apparatus where 
the propeller shaft projected well ahead, so that the propeller ran in 
water undisturbed by the action of the testing apparatus. The same motor 
dynamometer was used for the tests as'was used for the self-propulsion 
tests, the only difference being that the propeller shaft was coupled to 
the forward end of the armature shaft instead of the after end. 

The characteristics of the propeller are given in Fig. 5. The thrust 
constant Cr, and the torque constant CQ, are plotted on nominal slip 
following the method used by Schaffran*. These constants, which are 
in non-dimensional form, lend themselves well to the analysis of self 
= experiments and to the extension of the results to the full- 
size ship. 

The results of the investigation are given in Figs. 6, 7 and 8. An ex- 
amination of the effective horsepower curves and the shaft horsepower 


“Systematische Propellerversuche,’’ K. Schaffran, Schiffbau, September 22, 1915. 






































(600.0) Scale for Speed in Knote. 
Ourvesof Shaft-Hores Power, R.P.M., end Propulsive 
o % 















































270 NOTES. 


curves for the different models shows, as would be expected, a wide 
variation in power required. By plotting cross curves of power at a 
speed of 11:knots it will be found that, for both the effective horsepower 
and the shaft horsepower, the best results are obtained when the middle 
section of the parallel middle body is placed about 43 per cent of the 
ship’s length from the forward perpendicular. But 2,000 shaft horsepower 
is required for the ship represented by..model 2,133. at a speed of 11 knots. 
This is considerably below that obtained with the ordinary 400-foot cargo 
ship of this displacement and it may possibly be questioned to whether it 
is not lower than could be expected to be obtained on a real ship. It must 
be remembered, ‘however, that the lines are of good form and the friction 
of the shaft has been eliminated so that the powers given do not include © 
shaft friction." As to the reliability of the method followed it may be 
stated .that.in similar experiments made on a model of the twin-screw 
collier Jupiter, for which are available accurate trial data, the results of 
the model tests, when. extended ‘to the ship, agreed identically as regards 
the propeller revolutions and within 1 percent as»regards power and 
propulsive coefficient. ; 

In Fig. 8 are shown the curves of wake fraction, thrust deduction co- 
efficient, apparent slip,-and true slip for the ship. In extending the results 
of the’ model experiments to the full-size ‘ships it has been assumed that 
the wake fraction and thrust deduction coefficient of the ships are the same 
as for the models. The apparent slip and the true slip for the ship are 
less than for the model, because of less relative resistance, owing to the 
fact that the frictional resistance increases less rapidly than if it followed 
the law.of comparison. Kiet 

In order to avoid confusion in terms, the following’ definitions of thrust 
deduction coefficient t, and wake- fraction w, aré given: 

T—R'. ive ; 

Tevro Ww 
in which T is the thrust of the ‘propeller, R the resistance of the ship, 
V the‘speed of the ship, V’ the speed of advance of the propeller in the 
water in which it works; 

As was to be expected, the wake fraction.and thrust deduction co- 
efficierit:both increase ‘with fullness of the stern. It is interesting to note 
that in all cases the wake fraction is considerably greater than the thrust 
deduction coefficient, resulting in a hull efficiency greater than unity. The 
wake fraction obtained for the different models at a speed: corresponding 
to 11 knots, for the ship varies from 0.29°to' 0,35. 

The* formula for wake, ‘fractiqn® given “by Taylor is as ‘follows: 
w—=—0.05 + 05 b, in which 6b is. the’ block coefficient. This would give 
‘tor all of these models a wake fraction of 0.336. The average of the 


> 


results: obtained: in| these. experiments is 0.31, which is but slightly less 


? ==. 





than that estimated by the above formula. 

[Insconnection with the above paper we are asked to publish the follow- 
ing contribution to the. discussion by Rear-Admiral_C. W. Dyson, United 
States Navy,-which was. received too late to be read at the meeting: The | 
agreement between Mr. McEntee’s model tests and Admiral Dyson’s 
independent estimates is ‘of much interest—Ed. E.] 


DISCUSSION BY REAR ADMIRAL, .C, W..DYSON, U.S. NAVY. 


Commander McEntee has requested me to analyze the propeller which 
he used in his experiments and to make an estimate of its performance 
behind the various hulls which he has used in order to ascertain the degree 
of agreement between the results obtained by the two methods. 
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In order to give a clear understanding it will be necessary for me to 
give a brief description of the method used by me and which has been 
obtained by many years’ study of the performances of actual propellers 
driving actual ships over carefully measured courses. 

’ The form of propeller blade selected from which to derive the design or 
performance factors is that of which the projected area is an oval with 
the greatest circular width at 0.7 radius of the propeller from the center. 

From these: performances a series of basic curves of design have been 
obtained from which the performance of the propeller under these basic 
conditions can be obtained. and the performance of the propeller under 
any other conditions of performance derived from this basic performance 
by the application of suitable factors entailed by the changed conditions. 

The basic conditions are denoted as follows: 

1.H.P. = Basic indicated horsepower. 

S.H.P. = LH.P. X 0.92 = Basic shaft horsepower. 

P.C. = Basic propulsive coefficient with maximum hull efficiency. (Taken 
for total projected area ratio.) 

E.H.P. = LH.P. X P.C.= Basic effective’(tow-rope) horsepower. . — 

P.A. + D.A.= Projected area ratio (outside 0.2 diameter) of three-bladed 
basic propeller, 

4/3 P.A.+D.A.= Projected area ratio of four-bladed screw. 

34 P.A. + D.A. = Projected area ratio of two-bladed screw. 

1—S$=1—Basic apparent slip (for three blades) and for fullness of 
after body of vessel. 

I.T.p=Basic indicated thrust in pounds per square inch of disc area of 
the propeller. 

D= Diameter of propeller. in feet. 

P= Pitch of propeller in feet. 

T.S. = Basic tip speed’ (three blades) in feet, of propeller. 

v= Actual speed of yessel. ; . 

e.h.p. = Effective (tow-rope) horsepower for v. 

The power required to deliver eh.p. where no cavitation exists is ex- 


pressed by: : 
1L.H.P.a==1H.P. x K + 102 


where 2 depends for its value upon the value ehp. and K is the thrust 


E.H.P. 
deduction factor: 
The revolutions corresponding to the actual conditions of resistance are 
found by the following equations: 
: ae . 1.H.P.a & Av 
=A: fi 
sSenpenent OS 9 TE ke 





end ear XX. 101.33 
: Re PX (i—s) 
where S is the basic apparent slip and Av and Av are factors dependi 
upon the values of V and v. — 
It should be borne in mind that slight variations in the form of blade 
have only slight effect upon the efficiency so long as the same projected 
area is retained, but do have a considerable effect upon revolutions, there- 
fore we should be Prepared to find but small differences between the esti- 
mated and tank powers if both methods are correct, but considerable 
variation in the revolutions as the propeller used by Commander McEntee _ 
had blades of the Taylor form, while the standard-blade form used by 
me is an oval. 
In determining the block coefficient to use for basic apparent slip, the 
open water (where the propeller is not covered by the limits of the load 
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water ‘plane of the ship) ¢orrection:is ‘applied for, hulls :2;132,/ 2,133. and 
2;134, directly to the standard block as ordinarily:obtained for ‘hulls of the 
given length, beam and displacement, while! for +hull: 2,135, owhich: had 
abnormally. full after-body | hnes,:this;same correction has: ‘been applied 
to an increased» standard: block, this block’ being 0.80 in’ the’ first three 
cases and 0.85: in) the latter; ‘the corresponding .open-water’ blocks being 
0.532: and :0.61. 

The ‘work of analysis: and » estimate follows,:'the estimated: and: tank 
— and the estimated and tank revolutions being placed ‘in \ parallel 
columns. ak 


HULL CHARACTERISTICS, | 


L.B.P. = 400 ft: 

B= 57.3 ft. 

H=26 ft. 

Displ.:= 13,137. 

Nom. B.C: = 0;7716. 

B+ L,.B.P.= 0.1433. 

Stand. B.C. forsK 0.80. 

Est. Stand.'B:Cy for K (Hull 2,135) 0.85, 
Dit 4:Hxt. 

Stand. S.B.C: for V = 0.532. 

Stand. S:B.C. for V. (Hull 2,135) = 0.61. 
K = 1.27, for 2,135 = 1.41. 


BASIC CONDITION OF PROPELLER. 


4 
4 ttor S'B.COSae erie eos veces NR, IS 0.89 
COE OAC. OL) vias cette cebinedsavecereetes 0.90 





TWO VERSUS FOUR-CYCLE INTERNAL-COMBUSTION MARINE 
ENGINES. 


By Giovanni CHiesA, Manager of Messrs. Ansaldo San Giorgio’s Works at 
Turin. 2 : ; 

The relative superiority of two or four-cycle intérnal~combustign engines 
for, marine purposes is one of the most debated questions at the presen 
moment ‘from a, theoretical as well as from-a practical standpoint: thus it 
forms daily the subject of discussions, lectures and’ articles ‘in ‘technical 
reviews. The chief purpose of this article is to codrdinate the arguments 
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which have been alleged for and against both types in their best form 
of construction, and:to endeavor to draw a conclusion after careful 'con- 
sideration of all:points of the question. 

The advantages which are usually attributed to the two-cycle engine as 
compared with the four-cycle type may be briefly stated as follow: 

(A). The. two-cycle engine develops a greater power than the four-cycle 
with the same number and size of the cylinders and the same number of 
revolutions. This advantage of the two-cycle type is due to the fact that 
the four-cycle type gives an impulse for each cylinder every two revolu- 
tions, whilst the two-cycle type gives an impulse each revolution; theo- 
retically the two-cycle type should therefore develop, under the same con- 
ditions, a power double that of the four-cycle type. In practice, however, 
the said theoretical limit has never been reached, but at present it may 
be said that the power developed by a two-cycle engine is 175 per cent to 
190 per cent of that of a four-cycle engine, and it may be added that 
whilst, the mean effective pressure in the four-cycle type is about 5 kg. 
per cm,” (71 pounds per square inch) that of the two-cycle type is: — 
tically of 4.4 kg. to 4.75 kg. per cm.” (62 to 67 pounds per square inch). 

This essential advantage of the two-cycle type brings as ‘a consequence 
a remarkable reduction of space and weight, which may be approximately 
calculated in the following manner: As there is no reason’ that a four-cycle 
cylinder with its framing and driving gear (assuming the same intensity 
of stress of the materials) should weigh less than a two-cycle cylinder of 
the same size, and as the weight can be practically considered ‘to be propor- 
tional to the volume swept by the piston, therefore, for the: same power and 
number of revolutions, the cylinder of the two-cycle engine (175 per cent 
being taken as the power-ratio of the two-cycle to the four-cycle type) has 
a weight which is 57 per cent of that of the four-cycle engine, 

This advantage is somewhat reduced by the fact that the two-cycle 
engine needs scavenging pumps, and as, according to ‘circumstances: and 
to the different design of the pumps, their weight can be considered as 
being 8 per cent to 12 per cent of the weight of the cylinders, it results 
that the weight of the two-cycle type will be 62 per cent to 65) per cent 
as compared with the weight of the four-cycle. The above figures seem 
also practically confirmed, though there is always some difficulty in com- 
paring numbers quoted by different constructors, for they do not always 
state which parts of the equipment of the plant are included or excluded 
from the figures published. But besides the saving of weight there is 
also the saving of space, and on this particular point it is preferable tc 
refer the reader to the diagrams, Fig. 1, 2, 3 and 4, which show the. two- 
cycle engines of the ship Ceara constructed by the firm of Fiat San Giorgio 

- (now Ansaldo San Giorgio), as compared with four-cycle engines of the 
two best-known types: Burmeister and Wain, and Werkspoor. 

It must be noted that the saving in space by the two-cycle type has also 
as a consequence a considerable saving in the cost and weight of the 

engine seat as well as in the dimensions of the engine rem facilitating 
the purines and ‘control of; the; machines. 

(B) The turning moment in the two-cycle engine is far more regular 
(for the same number of cylinders) than in the four-cycle type; Fig.’ 5 
compares the diagrams of the turning moments of a four-cycle six-cylinder 
engine with that of a two-cycle six, and four-cylinder type, illustrating 
the great difference in the regularity of the two types; the results of 
even. the four-cylinder two-cycle type ar¢ far more regular than those. of 
the six-cylinder four-cycle engine. 

This. advantage of f the two-cycle. engine is not merely theoretical, but in 
practice results in a minor intensity of the vibrations of the stern end of 
the ship, besides a reduction in size and weight of the line of shafting 






































Fig.1. AQLATIVE SPACES REQUIRED FOR VARIOUS TYPES. 
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and consequently of its fittings, such as supports, stern tube, etc. Accord- 
ing to the rules of Lloyd’s Register, the section of the shafting of a six- 
cylinder four-cycle engine (for the same power and the same number of 
revolutions) ought to be 45 per cent greater than that of the six-cylinder 
two-cycle engine, and 11° per=cent greater than that of the four-cylinder 
two-cycle engine. iG 
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Furthermore, the reduced size of the flywheel in the two-cycle engine 
and the reduced space permits of placing the engine nearer the stern, not 
only saving in the length of the line of shafting but also increasing the 
space available on board for the cargo. 

(C) The two-cycle engine offers greater facility in reversing as com- 
pared to the four-cycle type, which is due to the fact that in the former 
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the exhaust’ of ‘the burnt :gases takes place: through ports: ini the cylinder 
wall;'so that in ordér: to:reverse! the running it is only necessary: to’ alter 
the timing: of the scavenging valves, of the fuel. valve and of the, starting: 
valves. This ‘alteration: in ‘the: timing of the’ scavenging ‘valves: is: very 
readily made by: simply rotatirig the eamshaft relatively to the crankshaft, 
whilst the ‘alteration in thetiming ‘of: the: fuel: and starting: valves’ (these: 
valves having but a small lift) can be readily effected: by employing dotible 
cams sliding on the shaft. 











Fig.3. RELATIVE SPACES REQUIRED. 
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In the fourseyele ES on ‘the contrary, besides the alteration » in the 
timing. of the fuel and starting valves, it, is-necessary separately to reverse, 
the inlet and exhaust. valves; and. as the latter operation requires a, dif- 
ferent rotation..of- the, camshaft, itis not possible to employ the simple, 
device of , the. .two-cycle\ type; but mah more sopepheniet, mechanisms 





become necessary. 
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Referring, further, to the starting and reversing devices, it may: be added 
that the necessity: of being able to: start the engine whatever be the: posi- 
tion in’ which’ the crankshaft: has stopped, ‘that is to have at least: one of 
the cylinders in the inlet phase of the starting air, does not permit of a 
reduction’in the number of the cylinders ‘to-less than: six in the four-cycle 
type, whilst the two-cycle can be: constructed ‘with but four and: keep its 
perfect maneuverability. . 
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(D) With the two-cycle engine the inertia of the reciprocating parts, 
such as connecting rods, pistons, &c., is balanced at top dead center by the 
pressure on the piston, which cannot be realized in the four-cycle for the 
éxhaust ‘and’ suction strokes; Asa’ consequence, in ‘the de engine 
the piston rads are subjected’ to alternative compressive and tensile stressés, 
so that the ¢aps ‘and bolts ‘of the connecting-rod ‘heads*and of ‘the! main 
bearings tmust be necessarily ‘constructed much’ more strongly ‘than’ in'the 
two-cyele type in ordér to avoid the possibility of their breaking’ and the 
great damage which this would cause. 
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(E) The two-cycle engine does not require any exhaust valve for. the 
lurnt gases, and in the engine provided with port scavenging there is no 
need of any valve subjected to the action of the burning gases; in the 
four-cycle type the exhaust valves are the source of well-known: troubles 
and even in the case where their, tightness and durability is increased by 
using more or less complicated cooling devices, the danger of their falling 
into the cylinder, with all its serious consequences, can never be fully 
eliminated, 

It should be noted that the exhaust valves in the four-cycle engine are 
the parts which are most sensitive to the quality of fuel and are especially 
' liable to suffer by the asphaltum and: sulphur sometimes present, in heavy 
oils of certain origins. For a two-cycle engine without exhaust valves there 
may consequently: be used certain :kinds of fuel which are not suitable for 
a four-cycle engine. 

Against the advantages above referred to. as to the two-cycle type, the 
advocates of the four-cycle engine oppose’ some objections: which partially 
apply to: all two-cycle. engines, and partially only.to special types. or to 
—- details of them.: These objections: may ‘be briefly stated. as 

ollow: 

(a) In favor of the four-cycle type it has’ been said that the experience 
of the gas engine has led back again (after ‘a period of preference for the 
two-cycle type): to the. four-cycle engine; also several failures are imputed 
to the Diesel two-cycle engine, so that it is convenient to select again the 
tour-cycle type. 

Against this objection we may note that 'the example of the gas engine is 
not directly applicable; the two-cycle: gas: engine, as compared...with: the 
four-cycle, shows the disadvantage ofa greater consumption and. of an 
inefficient. regulation at light loads; the greater, consumption “being due to 
the fact that a certain amount of gas is:always mixed with the scavenging 
air because’ the two fluids cannot’ remain wholly. separated, and so unburnt 
gas escapes with the air through the exhaust’ ports without producing any 
useful work. The bad. regulation is due: to: the difficulty: of having the 
right mixture in case of light loads, because! in. the two-cycle) engine: it is 
impossible to regulate the power without diluting the explosive: mixture. 
Neither of the said inconveniences exist in the Diesel engines, the scaveng~- 
ing being made with pure air and the regulation being obtained in: exactly. 
the same manner in both the two-cycle and in: four-cycle types. » Moreover, 
it may be stated that notwithstanding the said inconveniences, which cannot 
be neglected, the oo engifies are still constructed, and in’ work 
for many hundred thousands of horsepower, from: which:‘wé may ‘draw 
the conclusion that the two-cycle engines offer: other: real advantages: 

‘More suitable than the example of the gas engine: for comparison :is:that 
of the hot-bulb, engines where the two-cycle type is: preéminent; ‘for the 
Bolinder, Skandia, | Fairbanks-Morse, Petter;) Torbinia» types; ::a.s.0., have: 
almost completely eliminated -the competition ofthe four-cycle! type: spe- 
cially for: high powers. |: i Syiey or 

Referring now to some failures of the two-cycle: Diesel: erigine, it’ may 
be said they are mainly due to constructive defects;:the engines of! the ship 
Sebastian have been replaced by the four-cyele: type on account of the’ 
defective construction of the details of./the piston, cooling: device; the: 
engines of the ships Arum and Arabis have, shown defective lubricating 
systems; numérous inconveniences have been) experienced: in the, engines 
with stepped pistons, and it would therefore ‘be wrong to attribute these: 
ps to the type of: the engine in itself instead of ito defects-in the 

esign. y att at YT riod By 4 Hite Pol 

Other failures ought to be attributed to the inexperience of constructors: 
who, knowing but little of ‘the two-cycle type, have risked building, engines 
of great power and high speed. The two-cycle type of engine is not. easy 
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to design; the scavenging ‘of ‘the cylinder is a very complicated problem, 
and it has’ not been possible to study it experimentally in all details although 
many trials have: already been made, the most’ important ‘of these’ being 
that of the: Krupp firm, which has made-acinematograph ‘record by using 
a glass cylinder. ‘For ‘scavenging it’ is' necessary’ that’ the air''current' in 
the cylinder should: fully and readily displace the: combustion’ residues 
without mixing with them. ‘The study ‘and design of a convenient’ system 
of ports passages, as well as of suitable scavenging organs, in order’ 'to 
obtain 'a perfect scavenging, and at the same time the most’ reduced ‘power 
consumption ‘for driving: air pumps;'is a problem which can only’ be’ solved 
completely by many trials and long: and’ costly experiments. 

Should the cylinder and the: scavenging ports ‘not be well designed and 
the scavenging be imperfect; ‘the working ‘of the engine will’ be “bad; 
instead of having the cylinder filled with pure air for the combustion, ‘there 
will be;therein'a mixture of the air with the burnt, gas not fully exhausted, 
so that the: combustion will take place irregularly and be delayed; the 
fuel: being therefore inefficiently utilized and at the exhaust such tempera- 
tures may be reached as may greatly reduce the durability of the cylinders 
and of the engine itself. 

The two-cycle engines which ‘are constructed ‘at present by experienced 
manufacturers, and especially those with port scavenging, are by no: méans 
less reliable than the four-cycle type.’ For obvious reasons it is not possibl:: 
to speak of engines installed on warships (the brilliant trip of a small 
Russian submarine from Spezia to Arkangel cannot be forgotten), ‘but 
the success’ of the Monte: Penedo and of the Ceara, which’ latter is the 
most powerful ship in service at preserit, are undeniable proofs that the 
two-cycle engine, if well constructed, can: give the best results. 

Considering the extensive use made in the German navy of combustion 
engines of both the four-cycle and’ the two-cycle types, it is noteworthy 
that the important company, Hamburger: Werft A.G., recently founded by 
the A.E.G., and by the Hamburg-America Linie, for the construction of 
motor ‘ships, under the management of the well-known Ballin, will give 
the preference to’ the two-cycle engine. 

(6) The ‘supporters of: the -four-cycle type: allege that the two-cycle 
engines are far more complicated, not only on account of the scavenging 
pumps, the piping and the receivers relating thereto, but also on account 
of the greater complexity of the valve gear: 

Against this assertion it! may be objected ‘that the air pumps which 
undoubtedly: constitute an added organ, ‘by’ no’ means interfere ‘with the 
reliability of the working’ of ‘the engine, as they are always working at 
very low pressures ‘arid temperatures like the low-pressure cylinders of 
steam engines; and ‘constructively it is certainly more rational to employ 
a suitable air pump instead of using, for half the time, for displacing the. 
air, enormous pistons which have been designed and fitted with rings: for 
at least a hundred times higher: pressure, 

Referring now to the valve’ gear, the complexity pertains exclusively to 
that two-cycle: type ‘of “engine: having scavenging valves in the cylinder 
heads, whilst in the recent type with port scavenging, besides the fuel and 
the starting valve (like’ that’ of the four-cycle type), there ‘is. only’ the 
scavenging valve to control. This is light and easily displaced, ‘as it is 
not subjected tothe highest pressures: and temperatures. of the cycle, ‘and 
it does not require to be perfectly tight. This'valve can easily be replaced 
by a rotary valve, In the cylinder of the four-cycle engine; instead of one 
scavenging» valve there are two at least to ‘be controlled; and very often 
two inlet and two exhaust valves, which, being placed in the combustion 
chamber; require to be perfectly tight’ and needa ‘precise''and reliable 
cperating gear’ in order to withstand the effort of the powerful ‘closing 
springs. i ; . if 
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(c) Im favor of the four-cycle type it has been furthermore.affirmed that 
its*fuel consumption is far lower than that: of: the two-cycle engine. »: Now 
even if-it must be)admitted that this objection is :cortect in relation to the 
first two-cycle engines which were: constructed; and is: also applicable to 
some present motors. of defective construction, it has, nevertheless, lost 
much of its insportance when comparing the four-cyele: aging ‘with the 
best-known modern two-cycle: engines.» 

For slow two-cycle engines the consumption nine be: réedsices; shia 200 
grammes! (0.344 pound)!'per B:HL.P. per: ‘hour!>:The consumption | of!7194 
grammes per brake horsepower has been obtained -since 1915 :with the 
2,200 brake horsepower two-cycle ‘engines of the ship: Ceara on: a brake 
test, with the most careful observation and: alb auxiliary: pumps (suchas 
scavenging, compressing and: water; or oil! pumps) directly driven, ‘working 
with heavy: oil of a poor quality ‘Of the: density -0f°0.90.: ‘Foro the: high- 
speed engines we! may cite figures:comprised between)203 gramines:: (0.447 
pounds) and 210 grammes (0.463 pounds ), per brake. horsepower as:result- 
ing from the. official tests ‘of::many two-cycle engines ofthe «power of 
350 brake horsepower at 480 revolutions and of 1,350: brake horsepower et 
350 ‘revolutions: 

The following: are the figures for consumption of fuel obtained in’ recent 
official tests on an Ansaldo San Giorgio engine of 1,300 H.P., 350) revolu- 
tions, furnished to’ an:allied: Government; 


Horse-  Reyolu- Gr. 
power. tions, 
Ab 4/5 GE BOWER os cnc 'cuie es hob ce gates deusten 1,110 “292° 194 


At full POWER, ov ox 25a Cocke cisence seats cons ++ 1,339 352 °° 203.1 
With 10 p.c. over power...........ccceeeeeeeeee L425 , 356 202.9 


The consumption of lubricating oil was about 6 grammes) (0. 013 pounds} 
per horsepower per hour, although: the lubrication was! very abundant inas- 
much.as,the motor: was)new. 

The consumptions: ascertained, for the four-cycle engines, are not much 
different; the data which have been’ published as to the: slow marine -four- 
cycle engines: shew 182. grammes to:.188 grammes (0,401) pounds, to 0.414 
pounds) per brake horsepower, often: excluding: the consumption: of ‘the 
auxiliary pumps which were hy sab aaa With the high-speed, type 
the competition of 1913 of the German Admiralty for electric sets develop- 
ing 300:kw. at 400 reviutions, in) which the most important manufacturers 
specializing’ in they construction of the Diesel, engines! took» part (for 
instance, M.A.N., Krupp, Koerting) has te to figures; which were: officially 
published :in {Der Oelmotor,” 1913, and. according: to which the:consump- 
tion; in»the four-cycle, engines was, from 197: grammes to 203; grammes 
(0.434 pound to 0,447: pound) per.B.H.P. per ‘hour. : 

It is true that some excessively low figures have’ been eimai! seported for 
the consumption of four-cycle ‘engines, but they,.can be:safely overlooked 
upon consideration of the circumstances of the test: or of the tincommonly: 
lugh consumption of the lubricating oil, which: was:obviously: partially burnt 
as fuel,,so'that the above-stated results can: be; quoted as. corresponding ‘to 
the. best up-to-date constructions. . Though: they’ still shaw a slight: seca 
, tage. for the: four-cycle, engine, this.is not -greaterthan’3 per:centior 
per’ cent, and if wei consider, the sother. elements ‘required::for Saleula age 


the real working expenses, this difference is not: of: ‘great: importance; «It: 


must; indeed, be;moted that’ fais ry saat of two-cycle instead of four- 


cycle engines for. a: given. hip, results»in- a. saving iin» weight and) 


space, and therefore a r ria ry displacement and: the: possibility of 
inereasing the run‘of the stern’ (this leading toa reduction in:ithe power 
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for propelling the: ship at a cértain’ speed). This advantage amply com- 
pensates for the slightly greater: fuel consumption, specially in high-speed 
ships: where the ‘weight-and the space taken by the propelling plant have 
the greatest influence. ‘Furthermore, it :may be added that, even if the 
question of 'the weight and space should: be: regardedas a ‘secondary one, 
still the two-cycle:engine shows the advantage that the particulars. being 
the same, it can develop the same power ‘as: the four-cycle one at a:much 
lower of: speed ‘of revolution, with: the consequence: of a reduction in the 
consumption and of a ‘much better: efficiency of ‘the: propeller.) It is also 
very likely that as:the consumption in the two-cycle engines has: decreased, 
as a: consequence of ;rational and systematic experiments, in a few years, 
trom,250 grammes ‘or: 260 grammes:per. brake horsepower, to the present 
values, it ‘will: still improve’ until it reaches. and: even. surpasses the low 
consumption of the four-cycle type. Theoretically there is no reason why 
this should:not: happen, for the thermal: efficiency is the same in both 
types,,and the power required by the two-cycle engine cannot be greater 
than the power expended in driving the main pistons of the: four-cycle 
engine to:work :half' the time as pumps’ themselves, 

Finally, besides the fuel consumption, that of the lubricating oil, which 
is much: more expensive, ought ‘to beconsidered. Jt is obvious! that’ the 
two-cycle’ engine should require a less quantity of oil than the four-cycle, 
the load on the piston of the foureycle engine being: 50 per cent greater 
(with the same number of cylinders and the same ratio between diameter 
and stroke) than that of the two-cycle, the pressure exerted on the bearings, 
and on the guides being proportionally increased, so that the surfaces to 
be lubricated, are accordingly larger. In practice, however, as the two- 
cycle engine may be constructed with fewer cylinders the saving in the 
lubricating oil is still moré evident. At present the figure of 3 grammes 
to 4 grammes (0.00614 pounds to 0.008818 pound) per brake horsepower 
as the total amount of oil consumption is usually reached in high-speed 
engines;(480. revolutions). 

(d) \As another-advantage of the four-cycle type it is affirmed that the 
cylinder wall never reaches such high temperatures: as’ in the two-cycle 
type; ‘so that ‘the latter are subjected to higher internal strainsand. thus 
to the danger of cracks.’ Now, whilst: it is true that: the ratio between the 
quantity of thefuel burnt in the four-cycle type: and the ‘surface:of the 
combustion chamber is hardly superior to. one-half of :the: same ratio: in 
the’ two-cycleengine, other important circumstances ‘have been: overlooked 
which have certainly a great ‘influence on’ the mean temperatures. 

The -action ‘ofthe: hot .gases on’ the cylinder’ walls lasts: certainly a 
shorter ‘time in ‘the two-cycle: than in the ‘four-cycle type! ‘Whilst in’ the 
latter the »cylinder’ walls::undergo’ the action of the hot gases during the 
whole: expansion and exhaust strokes, that is, practically for more than 
half the time, in the: two-cycle engine the action of the hot gases’ lasts’ 
only for little more than.two-thirds of the: working: stroke. } 

In two-cycle! engines‘ in» which ‘the exhaust -occurs ‘through ‘ports, the 
latter: open: much more ‘rapidly than the exhaust: valves of the four-cycle 
engines;' and’ consequently there is a much more rapid diminution in the 
temperature due: to!.expansion, ; 

Whilst the exhaust temperature in four-cycle engines is ‘seldom below 
350: degrees C.:and)in the high-speed engines it easily reached 450 degrees 
or 500) degrees C.,:in two-cycle engines, if well constructed, this tempera- 
ture «usually remains’ under ‘250 degrees. C.,;'and sometimes it only. reaches! 
£00 degrees or 210: degrees C. 22 * 

‘Taking account of this fact a diagram has been drawn ‘of. the: relative’ 
temperatures ‘of ‘the high-speed four and two-cycle wet (Fig.6), which 
has no ‘absolute: value but merely a relative one. It ‘is based for both: 
types onthe same hypothesis, that is, volumetric efficieticy 80 per ‘cent, 
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referring’ to ait at the atmospheric pressure and at 15 degrees C., adiabatic 
compression ‘from the initial temperature of 100 degrees C.; combustion 
at a constant pressure; adiabatic expansion, mean effective pressure 5 kg. 
per'cm? for the four-cycle and 4.375 kg, per cm.’ for the.two-cycle. engine 
(corresponding to the ratio of 1.75 between ‘the volumes: of /piston dis- 
placement) ; fuel consumption 198 grammes: per ‘brake ‘horsepower | for 
the four-cycle and 208 grammes for the two-cycle type; exhaust: tempera- 
ture of 450 degrees for the four-cycle engine (being the average tem~ 
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perature as ascertained. in, the high-speed vengines. presented. at.,the; come, 
the, exhaust, 


petition, of the German Admiralty above, referred. to)... For, 
stroke in the four-cycle engine the; curve of the temperatures .is.such as 
practically ascertained according ,to Dr, F.. B... Wolff's i 
“Oelmotor,”,.1915),, where for, the suction. stroke a. 
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Not one. of the hypotheses above referred to is in:favor of the two-cycle 
engine; the hypothesis of the same initial compression ‘temperature an both 
types is unfavorable for the two-cycle type, as! all experiments which have 
been made with gas engines confirm that in ‘the two-cycle engines a much 
higher compression ratio can be employed than: in: thé: four-cycle,..without 
the danger of premature ignition, and thatthe mixture at) the beginning 
of the:compression is theréfore cooler: in the two-cycle type. ;; By measuring 
the diagrams by'a planimeter, however,»the conclusion» was reachéd that 
~ ean eg of a me — is aor the same. :? 

ie above resu. tis conhrm: ry, Sur} npnantit Ce) eat 
absorbed” by. the Circulating, water ‘ihe eaten in the four-cycle 
engines.--Whilst-in the-slow four-cycle phic eritwnepetan-tnpline the 
quantity of heat which the cooling water carries away from thé ¢ylinders 
is usually from_580‘calories-to650 calories-per—brake horsepdwer hour, 
and in the high-speed engines with piston cooling / from: 800 nae to 
850 calories (these figures have been ascertained in, the \fourecydé: engines 
of the German Admiralty’s competition ee to),\ in the™two-cycle 


engines of a suitable construction the corres lb - poe bin 
is from 400 to 450 in the slow and 500 to avats se in the ieee se engines 
Whilst it is’ true thatthe cylinder in. the ‘two-eyc 


having the same 
power, exposes to the burning gases a surface ssh . ‘about 30: “per cent 
smaller than in the four-cycle, it must, however be remar dthat the.size 
of the*eylinder of the four-cycle ‘type being® dargér than that of,.the:two- 
cycle, the thickness of the walls is consequently. greater, and that a great 
part-of the head.surface in the -four-cycle engine; owing ‘t6°'the presence 
of the valves, does not transmit any heat. j 

‘aking account of all.these elements. it-is»fair-to say thatthe two-cycle 
engine, from the standpoint of temperature, is in ‘better condition than the 
four-cycle. The two-cycle engine, in which the inner.walls-of thescylinder, 
after the very short action of the flame, are immediately cooled by the 
scavenging air current (which is supplied in such quantity as to dllow, 
besides the filling up of - oer the escape of the warmest portion 
which entered at. first) .is uperior .to four-cycle engine in 
which. all -heat must.be uetace t meee the-v of the cylinders with 
the: consequent fall of temperature. in the walls and restijtant internal 
stresses. 

‘(e) The opponents of the two-cycle-engine allege that i in engines of this 
type somé portion of the combustion gases remains in the cylinders, 
especially in the upper* part of them, so that the cylinder head ‘becomes 
excessively hot. Against this, argument. it. must. first be reniarked that in 
the four-cycle engine at least 8 per cent of, the burnt gases remain and 
fill the compression chamber when: the Kae nd has completed itsexhaust 
stroke,/and it is obvious that. this..r portion..cannot: but con- 
taminate the air which is drawn in tuleae as sohesauee! stroke. As 
regards ‘the two-cycle engine.the assertion that aaane | of the burnt 
gases still remains in the cylinder after the oediaigxing tion is merely 
a gratuitous hypothesis, which is contradicted by the facts aboveireferred 
to, according to which the quantity of heat absorbed™by.the wails is less 
in the two-cycle-engine, and- im:the two-cycletype the.:comipression 
ratiO’Can assume a greater.value t inde the.four-cycle engines. 

During recent and accurate tests in the test room of the Ansaldo San 
Giorgio works on a high-speed two-cycle engine, it has been determined 
that quantity of ‘carbon. dioxide contained in gas enclosed ‘in ‘the! 
cylinder A the return’ stroke does not exceed 0.3 per cent, and that 
the contents of oxygen is hardly less than the content in the pure atmos- 
pheric air, i.¢., 20.5. per cent; instead’ of 20.9 per cent. 

(Ff) Against the two-cycle engine it has been ‘sdid that the four-cycle 
type can run with gréater regularity than the two-cycle when working’ at’ 
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the compression at low speed falls rapidly with the diminishing of the 
scavenging air pressure. It must, however, be noted that this observation 
is correct merely when it refers to two-cycle engines of bad design, in 
which, owing to inefficient construction, the scavenging air pressure rises, 
at the normal speed, to excessively high value, whilst in two-cycle engines, 
which have been carefully designed, even at full speed the pressure of the 
scavenging air remains within very small limits. -By the speed reduction 
the pressure is also somewhat reduced, but not so_as to cause failure of 
the ignition especially when the engine is hot,* Practically, in both the 
two-cycle and in the four-cycle types the lowest limit-cf speed is dependent 
upon the construction of the pulverizer, and “this for the:two-cycle engines 
is more than efficient for perfect maneuvering, ;Moreover, it must be 
remarked that the turning moment of two-cycle engines being more regu- 
lar, and it being possible to: run with half the number of cylinders and 
to obtain sufficiently good régularity, the two-cycle engine shows in this 
particular: point an advantage compared with the four-cycle type. 

During official tests the above-mentioned two-cycle engine of 1,300 
brake horsepower ran for a long time at 45 H.P, (4.c., nearly 1/30 power) 
and with the corresponding speed of 115 r.p,m. 

In conclusion, it may be said that the two-cycle engine shows, as com- 
pared with the four-cycle, real advantages as regards the weight, the 
space required, the regularity.of the turning moment, facility of. reversing, 
and absence of. organs subject to the action of the flame. ‘These “are 
important, undeniable and positive advantages against which the advo- 
cates of the four-cycle type can only oppose statements which are partly 
unfounded-and partly not appliable to the system itself, but to some con- 
structive details in defective engines built by inexperienced constructors. 
Judging by the tests and practical résults of the two-cycle engines of good 
construction the writer holds that this type should become standard for the 
Diesel.-marine engines, as it is already for. the hot-bulb engines.— i 
“ Engineering.” ‘ig 


| low speed of revolutions, owing to the fact that in the two-cycle engine 
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THE KING!BUGATTI AVIATION ENGINE. i 
By G. Doucias Waronrop, M.S.A.E:,-A.S.M.E. 


We are enabled to present to the readers of “Aerial gt this week the 
first compréhensive engineering description of the King-Bugatti Aviation 
Engine, constructed by the Duesenberg: Motors Corporation of .Elizabeth, 
New Jersey; for the: United:States Government.’ ‘Because of its unique type 
of design the Bugatti, when it was-first brought over from France, and it 
was determined.to put it-into._ manufacture in this country; aroused a very 
great deal of interest in automotive circles; the interest’ being second only 
that evidenced in the Liberty. The Bugatti was of the geared type possess- 
ing certain features not embodied-in the-Liberty, and with the special fea- 
ture of being able to» mount’a~8%-millimetetcannom=fiting through the 
propeller shaft. 4} 

he United States Government put the redesigning of this power plant 
in the hands of Charles B. King, A. M. E., of the Signal Corps and he was 
made responsible for all changes. With a large force of draftsmen the 
work of adjusting the Bugatti type of design to American manufacturing 
methods was undertaken and upon the completion of the redesigned motor 
Mr. King transferred to the Aircraft Production Board a report which con- 
sidered carefully all the details which are discussed hereafter and in which i 
only minor changes have been made, since the report was handed in, which i 
emphasizes the good judgment used when the motor was being redesigned. 
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The test referred to was one of fifty hours’ endurance, ten periods of 
five hours each, the first half hour at 410 horsepower and 4 hours 30 
minutes at 380 H.P. The test was made at the Duesenberg test room, 
The compression ratio of the motor was 5-1; the gear reduction 28: 42. 
The carburetors used were four. special Miller. with barrel throttle, with 
choke 1% inches and 7 jets size-No. 76, 76,°75, 72, 69, 58, 53. Four Dixie 
Model 800-38 degrees advance magnetos;.AC.Titan Spark Plugs, two per 
cylinder. A calibrated propellerswas used, and-power readings used corre- 

sponding to speed reading. During the test a grand total of 19,284 H.P. 
hours were delivered, 

Previous to this test 9 engines had been assembled and had run a total 
of 110 hours, during which test many details were studied. One of the 
points that required special study was the pressure oiling system due to 
cross interference of oil in the crank case. The non-pressure system as 
used in the French type of Bugatti was considered unsafe owing to the 
many long leads and on the uncertainty of outside temperature, and it was 
consequently abandoned. -The pressure system developed by Mr. King has 
worked out very satisfactorily, as was proved by the fine condition of the 
Learings and running parts after the fifty-hour test.:. i 

During the fifty-hour test the performance was very consistent, as wi!’ 
be noted from the charts and tables printed herewith. The condition »: 
the spark plugs, valves:and cylinders, showed that the water circulation 
was satisfactory in every way. Novalves required to be ground during 
the test and they were.found to be in good condition when dissembled. 
From their appearance it is believed they would have stood an additional 
fifty hours. 

In order to fully demonstrate and test the design of the reduction gears 
and bearings a propeller ‘with extreme pitch for tractive effort was used 
throughout the test. It had a pitch of ten feet and was 9 feet 4 inches in 
diameter. Owing to the high velocity of the wind passing over the engine 
curing the test the forward carburetors worked anne different conditions 
than the rear ones. All four carburetors were calibrated in the jets before 
the test, but the forward carburetors showed a different color of flame at 
the stacks, the rear carburetors being somewhat obstructed as to air cur- 
rents by the magnetos directly next to them. Suction elbows were not 
used, the air being taken into the venturi passages. This probably accounts 
fcr the consumption of gasolene, which was .583 pounds per H.P. hour. 

After the test all the pistons and piston fins were calipered and found 
round and true, ree 

Upon dissembling the two forward cylinders adjacent to the propeller 
were found cracked above the flange in the skirt, but this did not inter- 
fere with the running. It was not discovered until.after the engine had 
been taken down. This accident was accounted for by the fact that the 
iron of the cylinders was not in accord with Signal Corps specifications. 
The discrepancy of material was, immediately remedied. 

The test of fifty hours thoroughly demonstrated the reliability of the 
engine and endorsed all the changes that were made in the French design. 
a = in the American motor was found to be greater than that of the 
*rench. 


AMERICAN AND FRENCH BUGATTIS COMPARED. 


In the course of a very interesting report Mr. King offers definite 
data concerning the specific changes made in the Bugatti design and the 
reason therefor. Owing to the fact that the French engine which was 
sent over to this country had had a limited test in Paris of 37 hours and 
had not been in flight, all of the points in the design were very carefully 
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considered, It, .was,.soon discovered that if, the, job, was to be, made. a 
production one; numerous,changes would have to. be made, - Some. vf a 
more.important) o£, these CBRE, are BERRA, in diagram. |. la 


WATER JACKENS. 


It was evident that difficulties: were. experienced; in, cooling the valve 
seats of the French. Bugatti,..as ders .and;sample, sections of used 
cylinders showed: cracks between e exhaust) and. the, bee, at. Poit:.A. 
See Fig. 16 showing on the plant the point of: fracture. In the, American 
design, centers of the valves were increased in both directions from 
center of line, namely, from 1.732 inches to 1.764 inches and also from 
1.693 inches to 1.694 inches. ‘This’ is’ ‘clearly shown on Fig. 16. Section 
AA, Fig. 20, shows the deep unjacketed section of the cylinder in pe igp the 
strain was'set up, causing the cracked valve. seats. To; obviate, this. diff- 
culty,:the shape of: thei intake passage and exhaust; passages were. , mall (se 
and the distanéé BV, showing the ery of, the‘ unjacketed: 

Fig: 18) was: reduced)‘to’ distance CC, .and:.at the:.same ‘time.cireulatio 
water was swept through: this formerly restricted, passage. To, ie 
improve the’ water» circulation aroutid the valve. seats the: peal: drilled 
hole B::(see Figs 1#iand Ae ,was: changed to a larger cored passage; B’, 
shown on this same: Fi The dead pocket Ci (see Fig.-20) | was: entirely 
eliminated and in» its iplace:clear-passage,was made asiat.D (see Fig. 15): 
The exhaust-valve‘ stems) were, not p: ie te 8 taken: care: of;,as to, heat; trans- 
ference to the water jacket. The depth of water around valve+stem: guides 
is shown on:Fig,:19,' where the: French, Bugatti.and American Bugatti, are 
contrasted:' (See Brand.B’.): Owing to poor conductivity through threaded 
portions of valve guides, the: threading’ was eliminated ‘and cast iron valve 
guides: were pressed: into: place; thus~»making .a.much) more; uniformly. 
eooled: stem: *The :bronze guides: taken from #1 Freeh bea at powers 
evidence of high heats:::): 


PROPELLER GEARS, 

In transferring the French pitch of 5.6 to American pitch, it was con- 
sidered that the coarser pitch, namely, 5, would, be: preferable (see: Fig. 32), 
and the number of ‘teeth was changed,, but the ratio, was practically, main: 
tained. It was» further determined: that, there, was am (error, of (4510'.in 
the French Bugatti»erigine: between the: timing: ‘of’ the right: andthe left 
crankshafts!: As this'would: have consifienabiia effect:in» the -cross |firing 
from the magnetos: and,) further, the sngine would not be perfectly timed, 
this was corrected by: changing, belts: from eight::to:nine- in: each, gear, 
This with a certain: relation: between the holes and the teeth; enables, ‘the 
engine to’ be timed as» stated: with a Shain error of 20'; ‘The difference 
in running between ‘engines thus timed: « ¢an-be easily 2 a a 1817 


“PROPELLER SHAFT ane ‘BEARINGS. 


At the request. se Capt. Lepere the gropeller wis itneved forward 334 
inches to assist in stream lining the plane. This dimension would have 
brought an overhang of 834 inches, forward.of the front supporting bearing 
in the French engine. (See Figs. 23, 23A and 23B.) This was far from 
good practice and. was. not sentermplaied, A deep groove radial peat was 
selected and the comparative ov itis yadboud. frorl $ to 
@ inches and' further the°gear® ieadlvant was ken’ daberseh: se te bearings. 
This deep groove’ bearing: has proven it’ American practice’ to be! 
it takes both radial!and'thrust loads/\' Phe-overhang' gear as in the’ Heenth 
engine has not been found successful in practice,'as°a ‘certain wedging 
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action takes place from the gear load and forces the true pitch contact line 
to assume a ‘diagonal line. The ball-bearing thrust as used in the’ French 
engine permits the balls to be thrown outward ‘by centrifugal force and 
causes an improper contact on ball surfaces; this can be further aggra- 
vated by the wedging action of the gears.’ In the parts removed from the 
broken up French engine the thrust rings and balls were burned to a deep 
blue. The assembly of the propeller-shaft bearings is a difficult “in place” 
assembly in the French engine. ‘In the American design the bearings are’ 
entirely an “outside” assembly: ‘The ‘sliding’ door in front’cover: of the 
French ‘engine has been’ eliminated: 


WATER PUMP, 


The ‘French’ Bugatti pump’ as mounted on’ the engine: permits water 
leakage to-enter the sump’ and, mix with the naka | oil... This. -will 
lead to ‘difficulties in the operation ‘of the engine. (See Fig. 22.) «In the 
American’ model the pump was moved back, a better support added (see 
distances’C and °C’) and an* opening was arranged: so that the leakage 
could pass outside of*engine sump: ‘Two! bearings were provided: on, pump 
shaft:: The rotor is riveted to ‘shaft ‘and’ driven with a Woodruff key. 
Lubrication’ is provided with water which passe$ through center of shaft. 
It is found in practice in draining the system ‘in ‘cold ‘weather that where 
the! rotor is brought clear to’ the housing: wall (seeDimension A). that 
water: is held’ by capillary attraction im this narrow ‘space «and ‘freezing 
results°at this point and -when the erigine’is started. the. pump shaft is 
sheared off. This ‘space has been opened’up in. the American model. (see 
Dimension A’) and ‘the water is*thus permitted to freely pass out. An 
elbow has been added'to pump cover which can be assembled pointing in 
any desired: direction; ' It is: believed in’ this redesign that the troubles 
experienced during the official test have been eliminated. 


‘i CONNECTING ROD ENDS AND LINERS. 


The French Bugatti engine had no liners in connecting rod ends (see 
Fig. 24) and depended on a thickness of babbitt of .014 inch directly on 
the ‘steel shell. This being’ an extremely thin layer, a considerable risk 
was offered-in a 16-cylinder engine. In case a rod was burned out steel 
would come in contact’ with steel, resulting in a seizure of rod on crank 
pin,'a broken rod would follow, meaning: the ultimate. wreck of engine. 
‘In the American engine, bronze linérs were put into rod ends and .047 
inch: of ‘babbitt was used. In ‘case ofa’ burned-out: rod, ‘steel will come 
in contact with the bronze ‘and the liner therefore’ will not seize on the 
crank pin, This will enable the flier to still operate his engine and make 
a landing. Owing to the oil pressure in the American engine, the long 
grooves in bearings are eliminated and in their place the short grooves 
are used, The replacing of liners in rods is comparatively easy and does 
not demand a quantity*of spare connecting rods for repairs, 


ROCKER ARMS, 


These’ are shown in detail on Fig..24A. Simplicity. of machining was 
studied and from 14 machining’ operations ‘on.the.French , Bugatti this, has 
been oegeces to. 4.0m the American,,model....Each.ergine has 48, rocker 
arms; therefore the French engine has’ 672 machine.operations as against 


198.on the American model. 
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298 NOTES. 
WATER CIRCULATION. 


The French engine had:a water pipe with hose connections, three to 
each cylinder block between the cylinders. This is a difficult assembly, 
and in case of a leak in.a complete engine means the removal of the 
exhaust pipes (sée Fig.-25A). Inthe Americanadesign the water can be 
sent through either end at the top-of the cylinder blocks, thus sweeping 
all steam from exhatist seats. Part of-it is deflected through the inlet 
manifolds. (See Fig, 26A.) 
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Fig. 26 
CAM-SHAFT GEAR MOUNTING. 


° t f 
In the American model’a loose piece is avoided, at center of shaft; also 
the small internal grinding in the camshaft, 


VERTICAL SHAFT ARRANGEMENT. 


In the French engine gear Y’ (see Figs.-80 and 35) was screwed on 
the end of shaft Z’. This-at once prevented inter eability, as it in no 
way determined the location of a tooth in relation to the crank pin. This 
in each individual French engine was to be corrected by proper timing 
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and then drilling the hole for pin N in vertical shaft. This was avoided in 
the American model by extending key to crank cheek *ZZ fitting the gear 
directly to this. same shaft. The key was aceurately-cut in relation to a 
tooth and uniform timing was at once obtained. The vertical shaft drive, 
above was taken through two square shaft ends and not through a pin. 

| ° . i ‘ 


DMEAIN BEARING LINERS. ea 


These are ofsbronzé ahd-not-of steel as in the French engine, and for” 
the same reas@n as in the connecting rods, viz, thaf a burned-out ‘bearing 
will not seize. the cr Attention” is; called, #8 thesmall lubricating 
oil holes. imethe French-liners. These take. cate “of, the, pins: andate Sof 
such dimensions. .047 inch.(see-Fig. 26) that they can be easily clogged, 
whether with’sediment of cold oil. This:is an-open system with low oil 
pressures, and hente these passages cannot readily clean themselves. It 
as possible that clogging of these holes in the French engine caused the 
wreck-of this engine on the test stande--"r~ od 


OUTSIDE WATER JACKETS, P25) rile 


It was first ‘contemplated to: weld the sheet-iron-jacket to the-cast-iron 
cylinder by! the oxyacetylene process. (See Fig. 27.) After crétain experi- 
ments wéré carried out, it was considered that this was not a. production 
job and the arrangement as shown on Fig. 27A with aluminum covers will 
probably “be adopted:. is a an + Se 

This examination by Mr..King and his engineers led them to the con- 
clusion that the Bugatti engine as delivered by the French to the American 
government was not a commercial engine, as it was necessary to redesign 
the entire-motor and to bring it in line with American practice. 


og mths OES 


PISTON AND PISTON PIN. 


The five piston rings, namely, 3/32 of an inch face, aré’ not considered 
commercial and were replaced by three rings % of an inch face. (See 
Fig. 31.) Further, the effective length of the piston was,increased from 
41/16 to 4% and said piston was made of the shoder face principle, which 
eliminated contact with the side walls and gives better air cooling on the 
hot unjacketed vertical sections: between cylinders. Ribs h ve been 
veliminated andthe pistolwall arranged for uniform heat transference to 
ithe jacket. The strésseson the piaton ring’ were figured ‘and found to be 
high, indicating a weakness. The diameter of ‘pins was therefore in- 
creased from 63/64 to 1 1/16 inches; No report of breakage pins was 
received with engine, and upon receipt of the copy of the French Official 
Test received in May, 1918, from Lt. Col. Dunwoodie of the Technical 
Section, it was noted that in the test run of November 16, 1917, that 
piston pins were broken and three had to be replaced. « ag 

<---@ARBURETORS. 


lie > =a 


The placing of the carbgretor float chambers in the French. Bugatti is 
not according. to standard ‘practice and in climbing! or in a nose dive| a. 
different mixture is likely to result in the forward and” rear~tylinders. 
(See Figs. 33 and 34.) In the Frese eapytes one float chamber is forward 
of the jet and one is in the rear. In the American engine they are both 
brought to the rear. The American engine therefore gets a uniform mix- 
ture in all cylinders. 

























































































NOTES. 


IGNITION. 


It was decided that two magnetos would be used. With the Splitdorf 
magneto a separate distributor is used mounted. on the ends of the cam- 
shafts. The Simms magnéto was ised “for halfof the production, and 
these two magnetos- were-each equipped with their own distributors. A 
saving of over forty pounds was effected by this arrangement as against 
the use of four magnetos.. Each engine is completely crass wired to each 
magneto; in other words, it is perfectly synchronized, and is such that 
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each magneto taken separately will operate engine, and owing to this per- 
fect synchronization the two magneto: arrangement runs with less vibra- 
tion than the four-magneto scheme. With the two magnetos and the 
distributor a starting magneto is supplied. This consists of a, hand- 
operated independent magneto in the fuselage, which delivers a shower of 
sparks on the proper cylinder as selected by the distributor. Ease of 
starting is facilitated in this manner. ' 
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OILING ‘SYSTEM. 


The- oiling: system: as: applied’ tothe: French Bugatti) engine ‘can: be‘ con- 
sidered: an /open-system: non-préssure type, 'the:pressure being determined 
by the diameters of the’ opem orifices.:. (See Figs. 37:and 38.) In ‘other 
words, with heavy or cold: oil, the oil will: take:the path of least resistance 
and will not travel to the ‘remote ends of: oil leads:» The small openings 
in bearings (as: shown ions ign: 26, 37-and!38):/become clogged with sedi- 
ment, waste or coagulated oil... Owing to ‘the: pressure ‘not ‘being: sufficient 
to clear these passages, trouble can be expected. Such trouble has already 
been experienced in engines built. in this country. The fundamental prin- 
ciple in the American Bugatti engine was to obtain a true pressure system 
on all-bearings,-including camshafts. (See Figs. 39_and 40.) The oil to 
be controlled by~a=relief valve. This can be regulated and the proper 
pressure obtained: The seat of this valve is scored so that at all times 
a flow-of oil.is supplied to the gear faces and an additional flow. will also 
come from the lift of: this relief valve’ from its seat. All exterior oil 
pipes which are subject to breakage have been eliminated in the American 
Bugatti engine. “The*oil is fed upwards through ‘drilled Holés. in crank- 
case ahd directed to the center of the camshaft through. two ‘openings. 
At each revolution.of the camshaft a small groove in the bushing of this 
bearing“-passes a drilled oil hole lead to the center of camshaft. This 
squirt of oil is direeted outward at-each revolution cver the’cams, gears 
and-rocker arms. The tie-bar inthis engine is brought in contact with 
the front gear coverand the oil is fed-directly intoSame. without the use of 
exterior piping. The oil led to the gage is further brought out’ at) the 
rear end of.-this-same member and ‘an-extra_ length of gage pipe is:,thus 
avoided. Tworoil pumps are driven -by the Crankshafts and sad ‘pumps 
are moufited ‘on the propeller geat housing. One..pump is .arranged 
to supplythe-pressure system, the duplicate’ pump is used to clear the 
forward end-of the:sump in a nose-dive.—In climbing, the oilsis-led-out: of 
the crankcase by gravity to the oil supply tank Pipe into said*tank=being 
led_ into a position at the rear of the tank in order that the oil cannot 
flow back in the crankcase by gravity. ‘ 


GENERAL DESCRIPTION. | 
CARBURETION, 


Four specially-designed Miller carburetors are used (Fig. 41); each 
supplying oné ‘block of four cylinders through separate water-jacketed 
manifolds (Fig. 42):--They are set low so that. gravity feed may bé used 
and all four are idéntieal; there being=no righits-oF lefts: 

The throttle valve is of) the barreltype, the axis of all valves being 
parallel with the center line of. the efigine, the two carburetors on each 
side of the engine being® operated -by..one shaft-which ig connected to the 


— 9 a end throug te le teeny ercde Boge on the two 
sides of the engine are connected so that all four yalyes move in unison, 
the valve neti fang quckroniaet atc $f the adjustable couplings. 
Gasoline from the tank enters the carburetor through the elbow (Fig. 
41), passing through the strainer, thence into the float chamber, flowing 
out through the four 5/32 inch holes in the lower end of the needle-valve 
seat. MOSS Pea eae ee 
When the gasoline reaches the proper level the rising of the cylindrical 
brass float lowers the needle valve Onto its seat, thus. topple e._ flow, 
From the float chamber the gasoline enters the lower 3/16. inch, hole in jet 
holder.’ There'are seven of these jets, drill, sizes Sed as follows; No.) 76, 
whith is the idling jet,"No. 76, No. 75,,.No,: 71, No. 68, No. 57, No..53, 
These jets progressively come into action as the throttle is opened. 
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308 NOTES. 


Gasoline is drawn into the:jet:through:the small hole in the bottom 
of the threaded end, mixing with a certain amount of air sucked in through 
the four:holes' drilled 'in the barrel ofthe’ jet just above the threaded: por- 
tion. This air'is taken from the outside through: the upper 3/16 inch’ hole 
in ‘jet older ‘and passes:déwn ‘around the outside of ithe ijet'to the’ four 
holes mentioned above, “The major’portion of the air enters :the carburetor 
through the lowet end: of !the ‘venturi;'which is 3) inches in: diameter, 
passes: up around: the:jet!bar: holder, cotnbinirig ‘above this ‘with the ric1 
mixture from the jets'to form ‘the proper mixture for combustion. 
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Fig. 42—Details of Gas Inlet’ Manifgld—Front right and rear left 


Valve ‘Opetates by turning the lever which is a ed.to the altit ¢ 
trol valve.” ‘THis valve has'two openings ie at which when ig appa 
iisttiog fe rl with two a i, one ha ¢ stationary 2m ye Od 
making two free passages to the ‘outer air, the sizé of | age being 
governed by the position of fie Tever. aS PES ae paneer ase 


Assembly of the altitude yalve is shown ee thet 43)... (This 
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NOTES. 3rt! 


There are four outlets_(Fig. 43), one of which connects to each of the 
four elbows, opening directly into the top-of the float\chamber. The 
float chamber is always! in direct connection with) the venturi through a 
5/64 inch drilled hole opening, into the vérituri about. %4 inch above the 
jet holder and into the float.chamber yg above the. gasoline level. Open- 
ing the altitude control ‘valve eases the vacua ik the float chamber, 
thus increasing: the flow of gas ine through the JE 





_SANITION SYSTEM. 


Ignition is by four Dixie 800 magnetos, two on each side of the engine, 
driven from the vertical’ camshaft civing Shaft by bevel gearing as shown 
on drawing Fig. 44. All magnetos turn clockwise. 

Two Titan A C spark plugs are used per cylinder located in the side of 
the combustion chamber. 

The rear magneto on the right-hand: ‘Side supplies current to the rear 
plug in each of the eight left-hand cylinders,” the front magneto on the 
tight-hand side supplying current to front plug in each of the eight-right- 
hand cylinders. 

The same arrangement is followed with the magnetos on the left-hand 
side so that the two magnetos on either side will fire all sixteen cylinders. 

_Magnetos are set for a maximum advance of 38 degrees. 

“The bevel gear on the magneto shaft, Fig..44, is-fitted-on ataper with 
a key. The gear has eight keyways, six spaced 48 degrees,.one spaced 
42 degrees and one spaced 30 ees. This in combination with the gear 
teeth allows the magneto to be set within 114 degrees-on the crankshaft. 

The magneto. advance:and ame mechanism is shown iat Fig. 45. Gear 
inside meshes with the gears on’ the magneto-shafts. This gear has four 
internal spiral grooves sliding over splines on the sleeve which is keyed 
to the driving shaft, but. may. be moved along the shaft by lever. The 
movement of this sleeve revolves the magneto-driving gear in relation to 
the shaft-driving gear, thiis advancing or retardingthe magnétos. The 
levers on the two sidés of theengine are operated from one shaft located 
above the crankcase between the cylinder blocks, the connections to the 
levers being through adjustante” yokes so that. the ago spay be 
synchronized, ’ 


OILING SYSTEM. 


Oiling is by means of pressure feed and spray. Pham es one pressure 
and one scavenging pump both. of. the. rotary gear These.are located 
a“ the front of the engine, driven directly ‘doa oy crankshafts. through 

a pin and slotted coupling, Figs. 46 and 47. This coupling is squared to 
the pump shaft, but is not pinned, thus relieving the shaft of any end 
driving pressure. The gears in both pumps are t ‘same except that the 
scavenging pump geats*have a wider face. 

Oil,-after passing through.a strainer, is drawn pa the supply tank by 
the pressure pump which is driven from the right-hand Grankshaft. This 
oil is forced into the pressure line running the entire’ length. of.the crank- 
case as indicated in Fig, 48, An adjustable pressure-1 ‘valve is 
located in the crankcase front gear cover. It is of the poppet-valve spring- 
seated type and discharges the excess oil directly onto the propeller shaft 


‘driving gears.).This valve is generally set so that‘the pressure gage which 






is connected to the rear efid of the main oil line in the crankcase registers - 
about 30 potnds. This valve has holes drilled through the head so that 
there is always-a certain amount of oil discharged onto the gears. 

From the pressuré-litie the oil passes up — ‘the ex which hold 
this line in position teian-oil passage: cut-along:the top surface of the 
crankshaft bearing cap, see Fig. 48. For the ge nserver crankshaft bearing 
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NOTES: 315 
this oil is carried through a drilled hole as indicated in Fig. 51. These 
passages carry the oil to all.the main crankshaft: bearings. All the maia 
crankshaft beatings and. pins are hollow. Main°crankshaft bearings No. 2, 
No. 4, No. 6.and No, 8 have a 3/16 inch radial hole drilled ertirely 
through them, All-the crank-pin bearings<have a 3/26 inch radial hole 
drilled from the inside to the central hole.. A 13/64 inch hole is drilled 
in the web both sides of main crankshaft bearings No. 2, Nos. 4, 6 and 8 
connecting the central hole in the main and pin bearings. A copper shell 
is placed in these central holes and the ends spun over, making an oiltight 
joint. These shells are necked in the central portion so that a tubular oil 
space is left as indicated in Fig. 48. 

Oil from the passages in the crankshaft bearing cap is forced into this 
tubular oil space through the 3/16 inch holes. which/ register with this 
passage twice per revolution. From here the oil passes to the pin bearings, 
the leakage from these bearings being thrown on the cylinder walls and 
gudgeon pins, thoroughly lubricating these parts. 

Four vertical holes are drilled in the crankcase web connecting with 
the oil passages in the crankshaft bearing cap No. 3 and No. 7. These 
holes register at the top of the. crankcase with copper tubes which pass 
through the cylinder water-jacket space, registering at the top of the 
cylinder block with four holes drilled in the webs of the crankshaft 
housing. These holes register with an oil groove of 3/64 inch radius cut 
entirely around camshaft bearings No. 3 and No. 8, right and left hand. 
A No. 35 drill hole connects the oil grooves with the interior of the 
hollow ‘camshaft. Oil is thus’carried under pressure to the hollow cam- 
shaft. From the héllow camshaft, the oil passes to camshaft bearings 
No. 1, No, 2, No. 4, No. 5; No. 6, No. 7, No. 9 and No. 10 through a 
No. 35 drill hole. Camshaft bearing bushings No.2, No. 4, No. 7 and 
No. 9 haye a 3/32 inch 1/32:inch oil groove cut full length of the bearing 
surface, the drilled. hole in the camshaft bearing registering with this 
groove once per revolution causing a small stream of oil to shoot out 
both sides of the bearing thoroughly lubricating the cams, valve rocher 
shaft, rollers and valve stems. .Camshaft bearing bushings No. 5 and No. 6 
have a 3/32:inch x 1/32 inch oil groove cut from % inch of the outer 
edge to the inner edge, the drilled hole in the camshaft bearing registering 
with this. groove once per revolution. Oil from this groove in the rear 
bearing lubricates the thrust surface of the camshaft bevel gear while 
the small stream from the front bearing thoroughly lubricates. the cam- 
shaft and camshaft driving gears and the camshaft driving gear bearings. 

A 3/16 inch hole is drilled in the crankcase web connecting with the 
cil groove in No. 6 crankshaft bearing cap and registering with a 1/16-inch 
drilled hole in the propeller-shaft rear bearing bushing. This thoroughly 
lubricates this bearing. The oil flowing from this bearing returns to the 
sump by gravity. ’ 

The camshaft and magneto driv ae in the crankcase are lubricated 
by spray. The gearing in the camshaft housing is packed in grease. 

The crankshaft and propeller-shaft ball bearings. are lubricated ‘by spray. 

Oil which drains to the bottom of the camshaft housing is returned by 
gravity to the crankcase through twelve pipes passing through the cylinder 
water-jacket & ata 

Oil which drains to the front end of the sump is returned to the oil 
tank by the scavenging pump. 

Oil which drains to the rear end of.the sump is returned to the oil 
tank by gravity. 








showing clling #ystom—King-Bugatti Engine 
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COOLING SYSTEM. 


Cooling water is circulated through the engine by means of a centrifugal 
pump, see Fig. 49, driven from the rear end of the left-hand crankshaft 
by a pin and coupling the same as used on the oil pump. 

The cooling system from the pump inlet to the outlet elbows on the 
front cylinders holds four and one-quarter gallons.of water. 

The pump impeller is 57% inches diameter with cight vanes, the web 
being drilled with eight 34-inch holes on a circle of 2 inches diameter to 
equalize the water pressure. ‘ 

The pump shaft is packed with a graphited asbestos rope packing, auto- 
matically held under compression by a coiled spring acting on the gland. 

The pump shaft is hollow, the rear end being in direct communicatiof* 
with the water in the pump case. ,Water entering the shaft is forced out 
to the shaft rear bearing surface through a \%-inch hole. Any leakage of 
water past the asbestos packing is drained outside of the crankcase through 
a %-inch cored hole .in the water-pump body. The front bearing on the 
pump shaft is lubricated by spray from the crankcase which collects on 
the shaft bushing ort. drains down into a %-inch hole leading to 
the bearing. * Any ol te = from the front end of this bearing returns 
to the sump, any slight leakage from the rear end of the bearing: is 
grained outside of the crankcase with the water leakage from the rear 
vearing. 

There is one water inlet-to the pump 2% inches inside diameter. while 
the single outlet is 23/16 inches diameter,; Water from the pump is forced 
up into: an aluminum pipe with onébranch Jeadin&to the rear end of 
each of the fear cylinder blocks, water.-entering the«cylinders at the top 
of the water:jacket on the exhaust: side A certain amiount of the water 
circulates through the inlet manifold, jacket, the :remaining filling ‘ the 
cylinder water jacket space. iy iz 

Cylinder blocks.are castwith integral water. jackets except the sides 
below the inlet and exhaust. pofts which are covered by an aluminum 
water jacket plate held in position by.screws. ©... 

The construction ‘of the water!passages in the héad of the cylinder is 
such that the valve stems and exhaust. passages are very thoroughly cooled. 

All four cylinder blocks are identical, the water passing from the rear 
to the front cylinder blocks through openings located.similar to the inlet 
opening, leaving the front blocks thrc gah another similar opening. 


PROPELLER SHAFT. 


The propeller shaft is driven through a spur gear splined to the shaft 
meshing with a gear on the front end of each of the crankshafts, both 
the crankshafts turning clockwise. The propeller shaft is hollow. Pro- 
vision is made for mounting a 37 m.m. cannon at the rear end of the 
crankcase, the barrel of the cannon passing through the hollow propeller 
shaft. This shaft is carried in three bearings, a ball bearing either side 
of the gear and a plain bearing at the rear end. 

The front gear cover, the ball bearings and the a are assembled com- 
plete as a unit before mounting in the engine. ball. bearings are No. 
6219 Monarch Special, Width Hess—Bright, being narrower than the 
standard bearing. The front bearing is mounted in the gear cover and 
takes all the propeller thrust as well as a certain part of the radial load. 
The rear bearing slides into a retainer in the crankcase, being free to 
move endwise, carrying radial load only, The hub of the gear acts as a 
spacer for the ball bearings, they being held in position on the shaft by 
two nuts with a locking plate between. Mounting is such that the ball 
hearings and gear are easily and positively assembled there being no 
—_— of injuring the ball bearings by screwing the retaining nuts too 
tight. 
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320 ; NOTES. 


* 
CAMSHAFT DRIVE. 


There are two overhead-camshafts, each one running full length of the 
two cylinder blocks. Each shaft is made of two separate shafts joined 
near thé center by six bolts passing through flanges on the shafts. These 
bolts also hold the ‘camshaft gear in position. Each complete shaft is 
carried in ten plain bearings in a removable camshaft housing. The 
two housings are of aluminum and each one is bolted directly to the top 
cf the cylinder blocks without the use of a gasket by twenty '4-inch studs. 

The first camshaft housings had a sheet aluminum cover as indicated 
on Fig. 51, a later housing is made entirely of cast.aluminum with a cast 

é side running the entire length of the housing. 
See Fig. 52. i nee, 


Each camshaft is operated through a bevel gear driven by a vertcial. 
shaft between the two cylinder blocks which in turn-is driven by a bevel 
gear on the crankshaft. The gear on the crankshaft is-pressed in position 
and in addition is held by.a key. The keyway is cut in a definite position 
with relation to a marked tooth. The thrust of this gear is taken by the 
crankshaft center beating. This gear meshes with a bevel gear which 
drives the vertical shaft; the thrust of the gear being taken on a bronze 
Babbitt lined bushing’ pressed into the aluminum crankcase. This gear 
has a long shank which acts as a Hearing. for the gear and. has a fine 
external thread cut at its upper end. This upper end has a square 
broached hole, the hole having a definite relation to.a marked tooth of 
the gear. The bearing for the upper end of the shank of this gear is a 
bronze bushing Babbitt lined pressed. into the crankcase, The upper eni 
of the bearing is cupped to form an-oil well which catches the spray in 
the crankcase which is led tothe bearing. The magneto driving shaft 
driving gear, see Fig. 44, is screwed into the thread at the upper end of 
the shank, the adjustment of the gear being obtained by means of the 
thread. This géar has a square broached hole the same size as the hole 
in the shank of the gear-it is screwed to and is locked in position by 
dropping the camshaft driving shaft into pout: this shaft having a 
squared section at both ends, the lower end ‘fitting into the square hole 
in the magneto driving shaft driving gear and the square hole of the 
shank of the camshaft driving shaft gear. The gear on the camshaft 
meshes with a gear having a long shank with a squared section at its 
lower end, the square being cut with a definite relation to a marked tooth 
on the rear. This gear takes a bearing in an aluminum Babbitt-lined 
bushing which is held in position in the camshaft housing by a large 
flat-head screw. . This bushing also takes the thrust of the bevel gear. 
The upper end of the vertical camshaft driving shaft and the lowér end 
of the camshaft driving gear are connected by a coupling consisting of a 
— piece of steel with a square broached hole fitting over these square 
ends, 

The teeth of all the gears being marked for the meshing position they 
may be easily assembled in the proper positions for correct timing. 


VALVE MECHANISM. 


The valves are operated by an overhead camshaft through a rocker 
arm. These rocker arms, Fig. 50, are pivoted on steel shafts which are 
slid into drilled holes along both sides of the camshaft housing as indi- 
cated in Fig. 50. There are.four of these rods to each housing, each 
one-half the length of the housing. The ends of the rods butt together 
at the center, the outer ends being flush with the ends of the camshaft 
housing and covered by the end bearing support for the camshaft when 
this is bolted in position. The rods are thus prevented from moving 





















‘NOTES. 


at 
lengthwise.” ‘They ‘ate of a ‘tight enou ee ee eee 
a So that there is‘rio fa with ‘The. outer eid. ofeach 
rod i8 tapped for’ aw: to be ‘used withdrawing the rods ‘from the 
housing. SE 0OTR AG RON afi 
BR. vesbich deeeapiriend' one: tlve) sheyake forgings: and» the: heck 
BP en dee yet rod in the camshaft | -is not ‘bashed, 
etd he ‘large roller; Fig. 50, which is of: hardened steel 
kg a Sona -habencd- steal pin. “This:pin is‘held im the rocker 
arm’ by ‘Searing on a batden the ‘rocker: arm: ‘around:the beveled end of 


the pin as ‘clearly shown in Fig..°$0.\ The ‘small ‘roller: operates directly 
on a ‘cap placed over the’end of the valve stem: This rolteris-of hardened - 
steel ‘and takes'a bearing’ ori'a hardened-steel ipin the ends°of which: are 
pi Rog og rine ect tg ine ‘of the hole im the rocker 


Pie dad eb disk: vale etemthas's emp tebe! it apctbv indicated in 
Fig. 44, the upper end of the cap being har ened, The proper ¢learance 
015 inch for both the inlet and exhaust valve between the end of this 
cap and the roller in the rocker ‘arm is’ obtained by placing shims in the 
cap.. Three different sede shims oid Bir of .003 inch, .005 inch and .010 
inch thickness, the’ first’ bei al, the second he } and the 
ard round, so that the’ different et eaiceneasee may ‘easily ‘be picked: out 

y eye. 

The upper valve-spring retainers have’a central tapered hole, the latge 
end of the hole roped it on Bc The vale stem$ are necked and ‘a tapered 
spat collar is slip necked pertion. of the stem, large end ‘up. 

is taper is the same as the hole in the spring retainer. ‘The pressure 
of the valve springs forces the retainer against the tapered ead which 
is prevented from movin ty the shoulder on. the valve stem’ thus lock- 
ing the retainers into po, 


VALVES. 


The inlet and exhaust valves work in cast-iron guides pressed into the 
Ss Liberal water space is. provided in the cylinder head in the 
— hborhood of these guides so that the valve stems are well cooled. 

he exhaust. valve stem: is hollow from the head to, within. a, short 
distance of the necked portion at the upper -. The hole is. closed at 
the ead ea by. host, Prensa ae served in. below, the. surface of 
the. al Mab the. thi eS fies, Baur pee nied er chit the te pga of the valve 

y, welding. Ce an the. p ition. 
The lower end of, the exhaust valve stem, is of tase ee ee 


upper end.. Both; the. Jarge ,and,, small pHs oh yp atagg esc i 
valve guide as at ladieaied on Fig. 44, At the shoulder. fered by te 
ippstan of the two sizes of stem three 3/32 inch holes- are. dri 

of 30 with the axis of the stem: sloping towards. the head 
of the valve and connecting with the drilled hole in the stem, At. the 
upper end of the stem ok ce sou eee ee 
drilled through the wall of the stem, The, movement of the. valve 
piri io, Se Sede, eA & pump umpi she the. transfer: of 
“within valve s ig thought to cool: SPRY 10 COTE, smh 
hin sini alig ela the. valve. ay 


ti “PISTON. 


to 2} i 
ate ign aa two a a 
wide rings are placed ion tt 
nel require’ a; pressure. of ten;,to twelve pounds applied oft a diameter 


EE 


ar 





at -right les! tothe slot:to bririg the.iends of the 30-degree. slot, to 
within, 010 inch of the closed position; The lower ring is beveled, being 
placed:in the: groove with the, sharp edge: down so that.it acts as a wipe 
ring forcing the oil on the down stroke into an oil groove cut; just 
below the ring groove. The Jand between the: bottom of the/ring groove 
and the ,oil groove is 1/64 inch wide and itis. 1/32 inch, smaller, ad 
than the land above this ring groove, , This forms a free passage for, the 
oil to the oil collecting groove. Eight 3/32-inch holes are drilled around 
the piston connecting: the, oil. groove with the interior of the piston.. These 
holes. slope. down: at an angle of 60.degrees with the axis of the piston 
carrying theoil wiped from: the. cylinder wall to the interior, of the piston. 
A: slot 4% inch’. wide'x 4/16:inch. deep is cut. from: the oil-groove to. the 
gudgeon ‘pin. hole at: both ends. thus; lubricating. these bearings... Two 
¥%-inch wide x 1/32-inch deep oil distributing grooves are cut. around the 
piston; one’ about 3/16,inch abeve and one.about 5/16 inch below the center 
line of ‘the gudgeon pin. 


GUDGEON PIN, 


The gudgeon pin floats in both the connecting-rod bushi d. the 
piston... Bearing in the piston is directly on the aluminum. It is held from 
endwise, motion by an aluminum plug pressed into each end. See Fig. 
44. These plugs.are. drilled axially with a 34-inch hole, which allows a 
certain amount of.,oil from the cyandes wall to enter the hollow godecon 
pin. The ends of nese pings. where they bear against the cylinder wall 
are turned to a spherical seat of a radius equal to the, radium of the 
cylinder bore. In operation the gudeon pins turn more or less. Two 
¥,-inch holes, in line, one %4 inch each side of the center of, the pin, are 
drilled through the wall of the pin. ‘These holes when in a certain position 
register with an oil groove in the connecting-rod bushing allowing a certain 
amount of oil to enter the hollowed gudgeon pin and when in the lower 
position allow the oil which is pocketed in the pin to run out onto the 
connecting-rod bearing. - 


CONNECTING ROD. 


ae 
The connecting rod is a steel forging machined all ‘over. It is of eye 
‘cross-section, ES bee 
The small end bearing is a bronze bushing pressed in position, having 
one straight oil groove, 3/32 inch x 1/32 inch déep running to with 
¥, inch of the ends of the bushing. ‘This groove is in communication with 
a 13/32-inch drilled hole ‘in the connecting rod through a’ %%-inch hole. 
Oil collects'in the pocket formed ‘by the 13/82-inch’ hole,‘ and is led to 
the bearing throtigh the %-inch hole. - A 
' The big end of the connecting rod is fitted with a bronze bushing which 
is babbitt line. This end is split at right angles to the rod on the center 
line of the bearing, the cap being held in position by two 34-inch chrome 
nickel-steel bolts. The bushing is relieved at the line by 5 grooves, 3/16 
inch wide, about 34 inch long,’3/64 inch deep, at the parting line cut on | 
a 7/16-inch radius with a center on thé parting line. e rod half of the 
bushing has no oil groove, the cap half has a circular oil groove entirely 
around it.cut on the center line of the bushing’ and registering with the 
oil-feed hole in the crank pin. ‘This groove is % inch wide x 1/32 inch 
deep. The bushing in the cap is kept from toring by a dowel pin with 
an enlarged head. This head enters a counter. hole in the cap, the 
small end entering the hole in the bushing when it is’placed into ere 
This end is of such a length that it does not’ project sheoagh the’ bushing. 
The pin is thus locked in position and cannot drop ‘out or rub’ onthe shaft. 
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CRANKSHAFT. 


Phe ‘crankshaft is;made.in two pieces: connected at the center .by a 
taper.and key drawn up,with,a nut,, Each. section..of the. shaft. forms:a 
four-cylinder,,shaft with, the, throws, all, in, one. plane,, the. throws ofthe _ 
“wo. sections being assembled. at. sight, angles. In, assembling, the, rear 
end..of the front half.is immersed in boiling water, the tapering. end, of 
the rear section whichis cold. is then slipped into. position:,and the. parts 
drawn together by. the nut using a son handled wrench..« .., . 
_ The,rear end of each complete shaft has clutch teeth cut on it for attach- 
ing; a; starter. jo)! fin ; * . - i? 

Alt! end; thrust.coming, on. the ‘shaft is taken )by the center, or, No, 5 
hearing all the .other’ bearings having about 1/16-inch clearance. at both 

Sey; or lis a9 3 He ay 7 , se 

All bearings,. including. the connecting; rod .bearings,. with, the exception 
of the, center main bearing are undercut, This,results in a total shorten- 
ing of the shaft of approximately 4 31/32 inches, This, of course_results 
in a considerable, saving: in the weight; of, various’ parts, while still allowing 
oer bearing. surface... Meio gona 3k 

The crankshaft main bearings are bronze bushing, babbitt lined,, These 
bearings are not relieved at the parting line and there are no oil grooves 
excepting in the lower half of bearings No.1, No. 2, No. 3, No. 4, No. 6, 
No. 7, No, 8.. These have a 3/32-inch wide x 1/32-inch deep circular oil 
groove éntirely around them. ‘This groove registers with the oil intu 
the hollow crankshaft bearing. As this oil hole is drilled through both 
walls of the bearing on a. diameter, and as, the oil groove in the bushing” 
extends through 180 degrees there is always a free passage for the oil from 
the bearing into the hollow crankshaft. 

In assembling the completed crankshafts in the crankcase, they are placed 
in. such a relation to each other that if, No. 8 throw left is on top dead 
orate No..8 throw right will be 45 apgrees past bottom dead center. Both 
cranks turn clockwise viewed from the rear of the engine.) 

The propeller. driving rai are bolted to the crankshaft with nine bolts 
equally bo Sian the bolt. holes being drilled ina certain relation to the gear 
teeth. s makes it possible to use the same gear on either. shaft with a 
maximum error in the setting of the shafts of 20 minutes. The flange 
on the crankshaft and the gears, are marked as indicated in Fig. 51 
for the proper position of assembly of the gears on the shafts. 


*, CYLINDERS. 


The cylinders are of iron cast in blocks of four. They are bolted directly 
to the top of the crankcase without the use of a gasket. The water jac 
is cast integral with the exception of the sides-of the cylinder, block below 
the inlet and exhaust ports, which are covered with a cast aluminum, plate 
attecret with screws. A gasket is used between these plates, and; the 
cylinder... . 23 aa ae 
(Cylinders. are cast with separate exhaust ports. One inlet. port, supplies 
Oe meted cae inlet and one cates Falecs are used... .., iy 

e entire stion space is machined wi e exception .of a.very 

small recess near the, inlet valve seat. ? Pe 

The. tops of the cylinder blocks are machined, making an. oiltight joint 
with the camshaft housing without the use, of)a.gasket. ial! + 

Provision is made for a liberal circulation of water in the neighborhood 
of the valve ports, seats and guides overcoming valve trouble. 

Spark plugs, of which there are two per cylinder, are located at the side . 
of the combustion: chamber in close proximity to the inlet valves and ‘are 
well icooled by the. circulating water. biases 








$24 NOTES: 


CRANKGASE. ” 


S Phe ® Naina and oil pan are "a math marrage ri on be is — 
fibbed: arings ‘afte supported rom the uppér ‘ease, 
bedring “bushings being ‘held ‘in’ place ‘by’ caps ' Chih ang: calmost ‘the 
Fall’ “OF ‘the ‘case. Each’ ap’ supports two’ bearings. | sare all® 
Of case aliaiites Ath WE exeeptigh Of the center bedting up, h takes 
all the thrust’ of ‘the crankshaft.) ‘This is a‘ steel forging.’ © 

The oil pan has'a web running its entire’ length along thee ‘center line 
of the engine. This greatly assists in ‘preventing the! satent ‘of air'caused 
by the revolving crankshafts_ froin drawing up the oil which is constantly 
draining into the pan. There ‘is ‘also @ cross web ‘between! each eylinder 
block’ which runs well ‘up the sides of the oil pan. There cross webs ‘have 
an opening at the bottom at their center, allowing the oil h drain to the 
ends of the pan on eithér'side of the web 5 

A ‘breather’ ig attached 'to the top of the e near rele front’ end 
between the ‘cylinder blocks. 

Provision is made at the rear end’ of the €ase for attaching’ a°37 mim. 
cannon, the barrel of ie cannon Projecting os the: hollow *pro- 
péller shaft. 


con CONTROL, 
Provision is. made for attaching /O.. gun-control méchanisms one at 
the rear end of each of the camshaft housings driven. directly from the 


camshafts through a slotted coupling. . When this control mechanism. is 
used it is inserted in place of the camshaft housing end bearing cover. 


TACHOMETER DRIVE. 


The ‘tachometer. drive hi Ag taken from either end of the two cam- 


shafts. It operates at camshaft speed through a slotted coupling as indi- 
cated in. the illustration. 

When the ‘gun contro! mechanism is used the tachometer’ drive is taken 
from the rear end. through the same type of coupling as‘when driven di- 
rectly from the end of the camshaft. 


GEN ERAL DATA 


Number and arrangement of cylinders, 
6 vertical, 2 rows of 8 in blocks of 4 


Area’ of ‘one ‘alsesé at FSU St 

‘Total piston area 

Swept volume of one cylinder he eae! PERRET SUSAR TON FA peed, 3 
Displateménht of motor... 20.0.0) 

Compression ratio: !'. 272.22 /070.05 feces. tate eesettesegececues replat Rota 
Normal brake‘ H-P... 20. 600.02. ei ced eer cere ts t | Mi 't'3;000 pi. 
Type of. valve sti : ney -Greteeat canst sg valve-rockers. 
Number ‘of ca Dan aon as 


vALvEs. 


Nenies ve tol es suoh ahaies pie. gaaky as 1 i inlet and one ‘exhaust. 
Outside diameter, inlet 





Outside. diameter, = gaan ery se ae ee tea eiaces sa Speabecde cs ae 
Port: diameter, inlet... He: nooabire bo eit semen heel 


Width. of, seat,. inlet.......--.++, a bank ho ees ed 
Width. of . seat,; exhaust PEP ELSE LPL ee es ep eit? OH xo h08 
Angle of seat ; 10” 
Valve lift, inlet tbe  MOMIERE SE Hin vives oso 0ecec es Kthevases 653” 
Valve lift, exhaust............csseceeeevees | tT RSS te pe A Ran 700” 
Diameter. of. stem, inlet... oe ee ee ee ee retest cai mogabog toro ea 
Diameter of stem, exhaust (large) .. Seecereeeeret ic “ter coor aM 
Diameter of stem, exhaust kspuall) 

Tength of valve, inlet........004.i VSIA EOD 


of valve, exhaust 
Numb of springs per valve; inlet and exhaust: ;:;::. beseeeeed: 


Lengt of ‘spring in’ position, imlet: (small) 
at ing in position, inlet (large) -: : 
Feneth of ring’ in ‘position; exhaust (smail) : : 235.308 
of-spring in position, exhaust (large)3 ufdte He. 40 
7 ‘diameter ‘of coils, inlet spring ‘¢smail) =: 5: resaiiii 
pep, Pnmeter of coils, imlet ‘spring (large):....... bet LO. DEE 
ii iameter ‘of coils, exhaust s mae St 
‘ diameter of coils, exhaust opting? Ci 
les rance: inlet valve stem: . 
at nce‘ exhaust valve stem: :::::33:322.0c2322355300%5 on 
parallel to center line of cylinder bore: : ; 


Geta betabi iit wihiders::: 
height of evi 


terete © fp nin ‘crankcase: ::::<<% 
dtl of cylinder ‘casting at head over iter fackeay iibaied 
Wid of ‘cylinder casting: at barrel: over water jauked spas mae 
I ‘of cylinder wre over water — 
of flange (base). 
Number of studs per block of four cylinders. 
Diameter of stud 


: sat domateor ae fis 
sive; ex wopreerrereerretyrrsrere™ . cot 


yssect bP 


iston 
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Width of land soeccecacnecceccocuergeteeceatere ieuedyo. 14 1oasvei a aliesig3 
istance from bottom os center of gudgeon PINs cece IIIA yaeael2 1/16" 
Thickness of head at center..+..06ceecseeses vege ett lee. gone agg? 
Thickness of head at edge........... ta‘pile's Nieto 's per stone bid698 40% §1238" 
Thickness of wall: at bottom. .:.::...) 00%. eeeees eee leile RG. ,; reveal” 
GUDGEON PIN, 
Diameter of gudgeon pin..............0555 $e deed reddit fT. t 2.430 coment 
ieee OF WAll 6 6 hcccweiwcevceecenecse regard JEU As Uae Und 110464 
CONNECTING ROD. tons, } 
bo een, teeter ee er Tene Sottinthan tate Sabine chy hos Lane scumahareh Sea Plain. 
Length ‘between CONRCLS Es 6 5s ois bE beens ys olen) Sagi ieik obs easingeet a 10.7/ di 
Ratio: length to crank throw............ Bs MES GA RS A a7 ARE 3.313: 
Small-end bearing........... +4 ith “eo neliiany Shbtisin- nts Bronze Bushing. 
Outside diseneter OF: DushiINg «6.4.0 .65) ese nmtoa’ eavicenvee tae iin ,. 13/16" 
Length of bushing.............4; ves cs wine eae f cab iwbe Sty Savas +2 3/32” 
Fength of small end of rod... igns oh noseaceaainnc cdpes dep uceaas 1423/32" © 
Qutside diameter small end rod at 4 Sill bcd) site hep cok pened, 11/32” 
Outside diameter small end rod. at, center.....-«, sis ca aces Cis oe Sere pis eka, 
‘Type of section............. sedees sg eek ows pees? ea< mikes costed odier eee 
Depth - (ema MED i... dims satpuetings cob ecensiia anita ais erty 
Depth (large end)........... sacl svslin Hen decane eaven 3 AP teHerser 17/32” 
WVAGUR, fag oak 5 ccs 0% «<b ierbaieen + <daoise +4 bie senha’ « Re iale eed 4 
"TRIGKNESS Of WED. 0:05:00. 00+ o's cmempad pois © ys008 orcanih cipivcmaiene epnain 5/32” 
Thickness of flange (small end)...........cccccccceccccecceuccecees madd 
Thickness of flange (large end). itmntton nets. ceabebion tor aaidaas 13/64” 
Large:end Ao saben semana ede ns eal oak "Bronze babbit lined. 
Inside diameter bushing... -.4. ++ sere deed sie uttittres seb ay 485 23/16" 
Outside diameter eg stuniviacgigi ft niga rensigena “paises? aoa 234" 
Length, See ereweeeeesessete ro spp bpyele yee eee myuer weritee a hentai ihe 
Thickness of babbit...... BPE Ete grissrssrssrssstasndgeapemds ene emer’ 
at CMNESHN, oa. bale Yo Seeman 
Ne ‘of’ etaibeabases: 3:52: Sees aeddgisehS aseatias Ts ie ot 
t of bearings, Blais) per erat aft. . Sy ges flat Pie neh berpe oe 
Number of bearings Ball per cama Rie-ige Feeaioss rire? 
Cinder. centene Chat bh appar d RH 
indet ‘céntérs adnan ioekede" a : 
Crank pins, ‘outside ciate AED es anegen Seep eer ess 
Taade ERCP ERD Lea 
‘Beatings Arh a eed ce 
Bariad diametst Nos. 1, 2, 3, 4, 6, t 8, igp ame 20) oyna 
Outside diameter No. 5.0.0.0... {eis Be eek. 
Inside diameter, Nos. 1, 2, 3, 4, 6, 7, 8, 9......c..cceeceeee 
Length, Nos. 1, 2, 3, 4, 6, 7, 8 apie Bushings 
in he 9 Bearing Bushing............+.00.. nyt 
fy Bearing Bushing: - serkcel PRET ALD LOSES OBE Rie acocle 
rants Webs: 
BRE ee. cea rek sas picawee ates cos 


u + mi f 
lickhess * Pe eye tte eetertevesers 


eee eee eee eee eee eee ee eee ee re ee 2 


Cee eereresesesees 























CAMSHAFT, 





Diameter of shaft............ pe EU U PAD ees vee ease ce dl seeds Sbdee dates yeatte. 
inside: diameter....:... SUSAR EEREEIG8 et eee BiSeSt psa le eee eee 
Number of beatings. ..0.. 6660006460606 TES LTE ee ee eee 0 
Diasheter of Bearings Nos. 2 and 104 Sees, 2. OF ROPE. Ted J8, Oa 
Diameter of Bearings, Nos, 2, 3, 4, 5, 6, Be OSG. is n5ecseehnsvarnetcun 2% 
Length of Bearings Nos. 1 and’ 10...<..... Wats hues covccewavewates 15/16” 
Length of Bearings Nos. 2, 4, 7, 9... ..s.ccececcceeceeeeteensnseeeege 4 
Length of’ Bearings Nos: 3 and Booceiidoveccccccceccess feo 12. RUA 
Length of Bearings Nos. 5 and 6....... Bananas Sah St sols Face ce BTR" 
Width of cam faces.........0.0005% VEG ROAR £2.28 / 16" 
Number of cams per cylinder... ..2........) 0.4.00 200 2055 oeuse te AR 3 


CAMSHAFT BEVEL GEAR. 


Pitch. diameter....... ssemasdic lest Sere tect ctiss itt assert a 
Number of teeth....... tahaplens atnaseancccevesnces tiscescoecees panied 
Pitch OOD eh EE Meira son cnc 606 eeeeeee sees eee eoreesrerees Le eCeeeseovese see eatin gd 
Width, of face... 4... iene. 
Rresaeter ot Be GU WOU GIECIE. c+. ss suse s oe pec 00 see abhpntca snag candee iee A 
umber.of bolts.......... eoeceseseee secre erecees eeeeee oa cesansier Sty ytnee 
Diameter Gis BIER bna.c0 sa cin tae a tinge soso nets exes s cues cesses ose 


CAMSHAFT HOUSING. 
Material astgpresercecocetantnrssbenst antupnnns spiiereres -o++- Aluminum. 


oh ae CAMSHAFT DRIVING SHAFT. ==) °° ib obi ‘ 
SGOT ocdncrsccssprosepasrepesesroscneces Ne ah meet 2 seh Me 
Well CS eee asst a 
CRANKCASE UPPER HALF. sai 
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Thickness: of wall......-.--.c+creenerrees see ete a 05 fag 
Thickness of supporting flange weteeeceereseeantat ene gs me oS 
Nee of oie inanont bots se i ae ta et ee 
Diameter of motor support bolts........ Sr etutpneeven ans " i 
feptct to, center. of crank shafts... 4. 5n9+sasahshoaty <, “at DS9q2 a“ anti: 10 
CA OE MD Sco ks canes tip calc ctadsintens Uecaceccrepeedecrsente 
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PRESSURE PUMP. 
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p vuranee sunciwanie s<is<s +++ 1 Centrifugal. 
Inside inane? of inlet and outlet elbow to cylinders 14%” 
Number of 


t 4 4 

Sterial..: ¢ aga ere bere 
Mite didvacr of inlet. he 

isidé diameter ‘of outlet: iss, 
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ir of blades 


: , REDUCTION GEARS. 
Crank shaft propeller dite gear: 
toh @iam: 


CER cree eset cere cere ecedcedeocteeewuen wevewsereeen di TOT 
TR VEH0 06 VOUT ETA s CHUAN SUS wee aeeeeweeesececcecccs sUGM .t0.2aNbIOUL 
Nester OE tOCtHE S55 FR oes nc eine ee suneeuees vas youn'eves hed 26 
Width face..... Bigetevevecukes PIV ADEARHT A: SECC EN osc e' rhe es 
Diameter bolt circle 





Width 000s seis cwces cd dices dave : 
Number of splines.. id 
Width of splines...... Weiie we 

Height of splines.......... a 


Diameter of bearing. . 
T.ength of bearing ooh. 
Thickness of. babbitt......... 
Outside diameter at gear Cr 
Outside diameter at rear end | 
Outside diameter at propeller 
— —— : : 
iameter propeller flange. . 
Thickness flange 
Thickness loose flange. 





Two ball, one plain, 


«No. 6249 Special Width, Hess-Bright. 


Bronze babbitt lined. 


feecebes 


18. ) 


length of bearing loose ‘fanige on shaft. . van 


Diameter of bolt circle. . 
Diameter of bolts........... bake aca 
Number of bolts 


In power-plant practice the gen anh [im ‘eal 


through a pipe is by means of a met 
dent that if a combination of 1 eter 
or velocity indication 
mind, Paul Edlich, 134 } 
flow-indicating valve, a ertice 

The object of this d ne i 
ratus for liquids in which 


r \ 


through the valve can jh he. 2 clirately 


provided with the usu: 

valve body is provided 

operates, Into the top pf th 
the interior of which communi 


the lower end of which opens 
lower.end of this conical body jis 
The body C is made with an. inven 
is mounted a sliding tubular indicat 
is provided with a piston head 
municates. with the interio 


i e¢e © Yh e* peers © 


INC VALVE. 


ad id “Of measuring fluid passing 
e type or another. It is evi- 
valye were made, the pressure 
a plified. With that idea in 
s patented the Edlich 

pews in ber illustration. 
indicating - 

of the fluid passing 

The valve casting is 

. The bottom of the 

which the valve stem 

d a hollow cylinder B, 


Soke "the outlet of tor valve ©. body. 


coni 

R oaben Ry yimproget big 0 
med as to provide a valve seat. 
pal-sha; E, in which 


element F ane! flower end of which 


rasa central opening that com- 
ng element, and extending 


through the opening in the piston F head G snd into the tubular indicating 


clement F is the upper 


end of 2° rod! the lower end of which is 
inserted into a valve disk J oh ee vo" by means of the 


hand- 


wheel below the ada A. A gage glass K is placed above the upper end 


of the hollow bo 


with an adjoining graduated gage plate, as shown. 
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When the'valve dise J is closed, ‘the indicating velerrient | FY will beat its 

lowest position, or zero:'* When ‘the’ valve! dise* is’ moved to mien 

position, a pressute of the fluid against ‘the lower fate Of the piston’ wd 

willforce the pistda and” the Sees element F upward: inthe 

glass, and'as'the pressure of the liquid'incréases,' the piston’ head and't 

indicating -element' will’ move apnere? in proportion “to | ‘the | amount of 
essure, and by virtue of the graduations on the’ A agin thie pressure’ of the 
liquid against’ the ‘piston ‘head’ cari’ ‘be’ determine : 

‘Pie liquid, in Bei through’ the oniaeehapel obeidts E, is dis- 
charged’ through’ end of' the’ passage" into’ the space between the 
body C'and the inner’ siitface’ of the’ cylinder body 'B;'as ‘indicated’ by the 
body and i is ‘then’ silage throug } the yore ‘Passigeria the. valve 

y: IG 





mit DIRFICULITES ¢ OF PELE Sit met BY rE ORV-ACENY: 
,LENE PROCE 


“By B. LS sith, wasett _ 


é 


“The question ‘of ial ge ag « is one of the ‘ane i ant of; all..the 
problems -which. confront ng sagranetviane: welder.,,,A large, part,.of this 
problem has to. do- aia ie prey minary knowledge of, steels and. his pe 
mary. /habits; of /handl owpipe. in steel- welding, ; The steel,-wel 
itsel£ is, emai ee ae ae the . Leaps ,to.,obtain, ; sa, shah some -welders 

are considering. steel w sean idiary problem, of their, trade because 
pon welds-look so. well; yet stee ing, notably in. boiler work, requires 
the, most,;thought,,and, care, and, should, be .studied , not only .frosm : the 
practical point. of view, ‘but. algo, seoreseatity: vom -what are'the difficulties 
of; steel .wel » They are:,(1) The reales fy aha on pxide;,.(2) 
the thermal disturbance in the vicinity, of the we the expansion 
and contraction problems... Pheer o one sneeds |to ee iy The, prop- 
bg Ae! ae haar eae steels;; rt tg ae ote) bo anruna the ancking 
b) me e ric r 

It oa ie the fac isnowledge ine. aiticin, egree, tec wclding, io 
inl yl be _then comparatively, easy, and ; successful ; ‘a if he; has,not, 


and failures occur to him, he will insist that.certain a € wnprac; 
tical or, sapessivle; te, perform -with, the ox¥- "ibe, sThis is 
one, si get vp certain; companigs wi ot ust apparently 

»meserye. to themselves fe; onion. de 


for this "End of of ~ ing for ee or oh gpa WORK ind i: vie 

9 BRE studyi jon of We one.,,mu 

un ot om no ide 1s. an ‘what it loa i dom, ene. ers 
ment, , — e; surface of, mn em, tesl under tha ceabiony obi 
low pine. an 2 abmonphe a ea FS aS; whi og and 
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oxygen otie,will motice white:veins and foamy spats, fiowing in the molten 
metal... These) are: streaks;\of- oxide,.of :isony and they. will dissolve. and 
create:new ones (with the progressiof -the.weld. : The molten-metal is. 
gather, than laid,in, clean layers, amd:it some; cases te ag | is adhe 
instead of, .welded., Oxide of, iron, cannot) be altogether ange per oe fr 
any; kind, of ,weld;sq,dong,as.we' cannot,protect.them from: the effects 
the atmosphere, -but»it:| gp Pa so decreased: from the: interior of the weld 
that its contents would do-mo harm, to the: stpenath of the weldeises biupi! 
Some goon and.experienced welders who have been. weldiai: for five or 
six years, but .who,\haye;; met;: boaome failures in, steel. welding, will 
not admit; that the. main |caase of failure is, the:improper, regulation of | the 
flame, acest do so; would be: the, same |as, for. aiicallege. student to: be 
compelled ta return to the grades to learn his A B C’s. Most of, our 
welders have previously mastered some other craft and have begun welding 
= important work without any pinay instruction. In other words, 


Whe ney snd cad cl vet ving acauired, the necessary under- 
rt nat 


What would a boi mathe a ‘ novice tried to put in a set of 
flues? Or a machinist if an. rent tempted to make a set of dies? 
Yet the same boilermaker or machinist’ <s upon the welding blowpipe 
as merely a tool of his trade, . and thinks that, all he needs to do is to g> 
whead and ‘weld’ with it. 

“Tn ' stddying® the ‘question’ of ie iehermat iataepadee pitied: ‘by the 
gas fldme'in the metal when’ it'is faiséd’to® fijsing’ temperdtare we must 
not’ forget that ‘it is“ heat’ which “hay! fed° “@teation ‘of’ matty new 
steels, “and' while’ ‘heat ea beter eet to thcrease ‘the life: ‘of metals it 
cant also’ reduce’ and destroy ‘thie! fe and strength of metals.’ Therefore, 
it remains for ws to stu iy bom ma we-shall best make tise of it! 


Tt sea ae trae hows Stract slob ad Kapxs sweld'at! the: welding 
line; Ona a Hee) tis 













le Gt¥ eld a ane boile Y “ith He Tf the 
ower” ie a @ 97 i the c t 
neo meagan Sen a nl eat mika regent simnilar 
téthe° metal in: chert But, it? has’ been refined) ity eheope tions’ = 
heat: ihe? ‘methaitical tr yes ne tell thdt we “eal boiler 
an féstiOn is: this : (Can We the! tad ied vein <a = Ri 
 Blowabi 246° Pefitie® ae the a 
oar isi’ “Yee” fot soperat 9" iitow the ee Es 
chemical: pr eet f deren Uw sre ygeid 1H 
There iH “HOt being able ‘tothe! caret expansion’ ana 
elsiengeson 1k Bae in teenie. tt nw ‘fi ‘thig'a 
problena' which Pie di dk to Solve ie full ge of: the 
constructio of Bape, ct aod aha tO %5 tf it mt Ylow toa bh 
' UPheeffects* beet ih pee by iba boiler 
yo ae ee erty" ‘of ‘elonga- 
tion y! ig 


thinking t “fittle strait! eee tho Foo feenoeOne 
reabon' ts ilar in tinal y se = wee ae a i ivhat te ‘to 


wake cate’ of” ae 
human renee i saerors Seswencer te a a a oe 
in a eae It may be very little or it may be up to breakitig °pdi 
al weld (tay ‘erack during ‘its see 26r? aye hte or or 
east nioniths ‘after comple pie te/‘the Welder isnot excusable, 
an the’ fees ‘wilt Siar ‘co the person; bat the p process” ‘and 
the whole 


oxy-atet: 
“There is on€ point that! oxyde Haut: ite ig atid 
this"is' to’ capa a es aperdttin ta We ee 
ondary principle. While there must not be any useless waste in ‘ce 
fratérialy yee we mast nét “forget -that’a°defective >weld° isa * waste oft time 
and material. —“ Mechanical World.” 
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‘ELECTRICALLY: WELDED STEAM LINES*: 


2TOIMNBID 


By i. R ‘Woomow, Assistant Cur Etecraica, Uoxeuvasy, New Yous 


as HOM 4 Off 
In the: emeteiéctiion 68 thea United States Cbveniavent:: Explosives! Plant 
«o7. at ‘Nitto, W2'Va., ‘somethitig:over ‘ten miles" of steam lines: carrying 
190: ' pounds" pressure were ‘required: Of this ‘about' five miles ::were 12 
dusdedacho tal oh over. er the cine: the efor dpe of this ant was 
un ain't ring 1918; the avai extra- 
heavy flanges: was - ea yeomaile and it: was: doubtful if'a ‘alent 
could be: obtained: within the ‘time available for Thoma Es a plant. 
F preraieer An | order to’ finish: ‘the (work: in ‘time the Thomas® E. ‘Murray 
—— which :was handling: the power-section engineering 
— ed,‘ and :the | War ‘Department .ado pted, the sée-of .arc 
welding: for' the connection of ‘all the: high-pressure ‘steam and ‘feed-water 
lines:6 inches»in diameter ‘and’over in 'the' 4) At the’ time the armistice 
was signed over onethousand:'of these ‘joints had been: completed and 
‘were in service. 

-/Adl ‘the ‘outside mains ‘are: suspended from timber bents, ata ‘height of 
approximately ten feet about the ground, as shown in Fig.” As ” The weldi 
operation was performed directly under the bents andthe section’ 
welded-joint: ‘pipe, adter being tested) was waited in” place; by ‘means ‘of 
_ chain blocks. 
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Fics, 1 To 3.—MeETHop OF Wexvine Joints AND peal, Shei Line. 


The length of welded-joint pipe so handled averaged approximately 200 
-_ and on wt ees wags aiaed Van Sion ‘and ‘nine’ rw joints, 
the‘ two sections po én tone ‘flange for ‘connecting 
with fittings ‘or! valves’ anvehe conapte 


The type’ of? welded | rei me scans and sleeve joint, 


as indicated in Figs. 1 and 2. The butt! me y.rge ern f sdjoiaing sections’ w 


scarfed off oo an monte of about 45 degrees with the axis of the pipe as 


a The weld was then chipped flush with the pipe surface, and 
2 hydrostatic ye ef from /400 ‘to 600: paunds: "was applied to the ‘com-' 
— lengt After inspection, 7 «reinforcing sleeve was applied. The 


in the discussion or) electri ding aie ) Joint’ miéeti "of the “Amétican 


Institute, fand ae pose be “Tastitute: of» ng ‘Engineers,’ 
held di SS fsbo American Losttute, of Riestricat Hast 
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sleeves are made in ‘halves and-are die+formed iof/metal equal iin thickness 
to, and of a length aporoxtneately Pel in siete, to that of the pipe 
to which fey are applied: -j,¢31051 : noaoa WA 

The welding was performed by thee Dalit ore process, ‘the current em- 
ployed being 110-volt alternating, which was obtained primarily from the 
general. supply system for the plant; carrying. 6,600-volt three-phase: ctir- 
rent led. through: transformers and secondary: lines to/ the, welditég readt-" 
ancés; furnishing - “the controlling: minditem. renpsined : for the’, welding 
operation,; <i’) 

The; electrodes used,in the butt nvte-welding: ulisatlane were slag-coated: and 
were of the-same character as those extensively.used in:ship welding. The 
welding..df the sleeves was pérformed with a! low-carbon: steel: bare wire: 
The: butt weld consisted of two runs,of, metal, the: first.of (No: 10 and 
the second of:.No.-8: wire, the first’ ‘run’ being ‘carefully cleaned \free»of 
slag, first -by ist Bp pape and. finally by scrubbing! with’ ai wire brush until 
the metal. showed clean. and bright before applying the second: run. ‘The 
sleeve weld. consisted) of two: longitudinal, welds (joining, the two halves 
of the sleeve, and a weldion each end of the sleeve: :completely j joining the: 
sleeve to the pipe (See Fig. 2). 

Theapplication: of the ‘sleeve was determined: upon: for’ structural tea- 
sons, as thé stresses likely to be encountered: in an. installation of this 
character are, practically indeterminate, 

One 0% the problems met within handling pipe in such long re aan is 
the question of accurate alignment, which was accomplished qin 
in the following manner: The proper level above the ground for the i 
was determined by its accessibility to the welder, and this point was 
marked on.each leg..of each pipe-carrying: t, and timber joists were 
securely uae between the legs ee ag ‘the pope r level, as in 

ef The pipe lengths, approxit ng were Maid n these 
joists, and“as* the spacing of. mi, _the-axis the’pipe was 
20 feet, this brought a joint between each pair of bents.’* The ends of 
the individual pipe lengths were then bro * within: about 1/10 of ‘an 
inch of contact and lined up and clamped. securely.in position by means 
of a half-sleeve applied to the under side of the pipe. and fastened by 
straps to each end of each pipe gection (Sée Fig, 1)/ 

This left the upper half of the butt joint reat for the ee Fun of the 
weld. When one-half of the first run w: p comelens on €ach)-joint, the 
clamps and the sleeve were removed and tire 200-foot length of pipe 
was rolled on the joists until the-other- half o “the: butt.joint, was. upper- 
most, and the first run was then. completed. In consequence 0 of. fie fact 
that it was possible to turn the’ pipe at will thereafter, the second run of 
the weld was made continuous. 

It takes one welder about three hours to cofapletely butt-weld and,sleeve 
a 12-inch joint. The time required for other sizes would bei in proportion 
to their diameter, 

I feel that the use of the electric welding i is: going to.be. a-very important 
feature in the development of power stations where the. tendency, is going 
to higher steam pressures, in the. neighborhood ‘of 600. pounds, as welded 
joints can unquestionably be. made. sronesr than any other. connection and 
are absolutely leakproof.—“ Power,” 








INSPECTING A: SURRENDERED GERMAN: DESTROYER’ “6” 


The following notes describe the impressions formed on inspecting ‘a 
German “S” type destroyer builtin 1914. » The boat ‘was supposed to be 
efficient atid ready for sea in all’ respects, but personally the writer would 
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not like to take her to sea for an extended trip without an extensive refit. 
Considering the hull first, the hull and decks were very dirty and appeared 
in a very neglected condition. The bridge was certainly an improvement 


on the bridge of the British 1914 b bat "rd was the. sole. improvement 
one ¢ould see. She. ae Bis oa ein -siie tate and one aft, 
the forward one du oe rine f fted up by gearing. 
Apparently the” forw: hed d rudder sa diin a crowded fairway or when 
entering and ' Steeri as by si an ice m, a very 
defective method aS ‘to-our standards. ines, two 
in number, were housed on the upper deck, one pe tiand the 


other on the mess: deck forward) a little’ ocmrand of the bri he "The steer- 
ing engines were. vernal much cramped, and ungetatable_ for’ necessary 
examination and. repai 

In arin » the ee forpedb tubés, two smalla’' ‘ones were fitted, one 
on each-‘side the aig tor of the forecastle, Thesé ‘appeated to have no 
protection ical hen heavy seas in bad weather. The stotetooms, ffotably the 
engineer’s storeroom, ‘were extremely cramped and small .and dirty. 
The magazine seemed far too small for a boat of her armament. To both 
storerooms and magazines the means of access were-very i both ts The 
warrant officers were provided with a separate mess aft, and both this mess 
and the wardroom. were cramped and looked most uncomfortable. The 
cabins opened from the wardroom and were very small and ill-found. The 
wardroom pantry and galleys seemed quite inadequate for the number of 
officers and -men carried, and were in a very bad_coni 

Her oil-tanks. were situated amidshipe and forward, | and | ‘were carried 
right across the ship and up to the upper deck. This method i is yndoubt- 
edly very inferior to. the British practice, danger from:fire, explosion and 
gunfire being materially increased. The. manholes for the-oil tanks opened 
to the upper deck, the only. advantage in this being a little time saved 
when “ oiling boat. » “The deck Space was. very restricted, the spacing and 
arrangement of the various . fittings being much: inferior to’ ours. The 
telegraphs were by wire transmission, both from” the bridge to the engine 
room-and from the engine room to the boiler rooms, This method is very 
bad and. in our ‘service is obsolete. The general. finish of ‘the’ hull con- 
struction throughout the vessel was inferior to ours, and she was much 
more lightly constructed, Itis: not considered that in weather similar to 
that in which our,flotillas. maneuver she would stand half the knocking 
about and strain.our. boats. are constantly, subjected to. | The freeboard 
is low, and it would be. interesting to follow their behavior in a bad seaway. 

The following points. were noted as regards-the propelling machinery in 
the short time available. The boat is, twin-screw, driven-by turbines, and 
has two engine args one forward of the’ other,. The turbine speed is 
reduced to»propeller ‘speed a_method.of-transmission.the details of 
which. could. not, be ascertained. . ‘The condensers are on the platforms, not 
undesslan, Laas Boga ae 8 method it is considered would add greatly to the boat’s 

efficiency, as -wel more space could it be adopted. The 
auxi engines were every pee and had-a-most-uncared-for appear- 
ance. The dynamos* were sthalf’ 80-volt machines, and two small. evap- 
orators, which at a-casual: glance appeared to-be quite-inadequate mH the 
boat’s requirements; were fitted; at a rough guess’their output would not 
be more than 24 tons of fresh water per day. The-starting platforms were 
most restricted, and the starting wheels large and cumbersome. Engine- 
room telegraphs were roughly finished and, as mentioned, transmission was 
by wire. The ventilating and. exhaust engine-room fans were of 
horizontal type, and appeared of ample size to do the work required. The 
auxiliary” feed ‘pumips were situated in’ the engine rooms; ‘The: various 
gages seemed’ to be in a most thefliclent condition and more were required 
for general efficiency. The electrical apparatus in the -engine rooms 














ee yhia 
Rear Fuel A 1 


n Frames 6/69. — 


A 


Forward Fuel Gil 





~ 
{ 


a 














7 
| 3 
Pore. 9 arboord. 
Fr lav " 1O | aif 
r a Amount of feed: Water. 
4 n * : 
NL 
eg a ta 
S lex ; 




















Pi 


7. 











“Pont I~ St srooere 
Frame ta? 


Dracram ' OF Ott, Fuet' TANKS e Gane “TonreDo : Boat: Distaover, 
oe »” Ss. 


A: daily, record is kept of amount ot ou of dagram bp saach tank, #94 Joseed, jin spaces at 





~ 
NNOTES.))4 337 


appeared up-to-date and efficient, and there seemed a good supply of elec- 
trical stores and fittings. The general condition of both engine rooms 
and main and auxiliary machinery was dirty in the extreme, and a total 
lack of care seemed to have been expended on its maintenance. Access to 
the engine rooms was very restricted, and several of the important auxili- 
aries were very inaccessible for. examination and. repair. 

Three small-tube water-tube boilérs were installed, two back-to-back in 
the after boiler room and the other in a separate compartment, the boilers 
being numbered. from forward:...The—boiler rooms were in far worse 
condition even than the engine rooms and were in a deplorable state. In 
a long and. varied experience the; writer, has never; seen such dirty, boiler 
rooms—a tramp steamer after a long, rough voyage would put them to 
shame. The chief feature-of the’ boiler rooms. is ‘the lack’ of ‘space’ both 
at the sides and.at the fronts. To one used to British design it seemed 
impossible that efficiency could be maintained‘ under“such conditions: “The _ 
sprayers for the. oil fuel: were much \larger, and more; cusibersome than in 
cur. service, and the adjustment for the oil output was of a very crude 
nature,‘ consisting of a lever and ball arrangement.’ Eight sprayers were 
fitted to each boiler. The forced-draft fans were of the horizontal, type 
and when inspected with only auxiliary machinery, running 174 inches of 
air pressure was. maintained... There appesrs to be one ;oil-fuel pump to 
each boiler and one main feed pump. These latter seeméd to be a bastard 


Weir desigm Unfortunately;:time did: not) permit of an extenddd exami- 
nation of the boilers, uptakes and funnels. The runs of piping in both 
engine and boiler rooms seemed very complicated. Pty CUES 
From a table.found in the, engine room. the oil fuel consumption for 
the various speeds appeared to be as follows: 10 knots, 1.34 tors per 


hour ;.12 knots, 1.54 tons per hour’; 115 knots; 2.18 tons ‘per :hour;: 20 knots, 
4.55 tons per hour; 30 knots, 16.06 tons per-hour. This last figure com- 
pares very unfavorably with the’ consumption of ‘our 1914’ destroyers. 
Another. feature which was of interest was. that there were no: forced- 
lubrication auxiliaries, which is most extraordinary in this type of vessél 
As far as one could gather; a wood of 33 knots: had: been obtained; | but 
no data was available to verify this. The oil consumption and speed trials, 
1 should imagine, had been carried out’ in’ smooth ‘water ‘at light draft, 
and with the machinery, in an absolutely, efficient condition... Another 
feature was that there were no special appliances fitted to the boilers for 
the’ purpose of miaking *“ smoke 'screens,”' and the: only.‘method : could 
adopt seemed to be by educing the speed of the forced-draft fans, keeping 
the same quantity of liquid fuel passing through the sprayers; 

It eg be rt ad - a future si paca saggy ayia ble, 
especially as regards oil-fuel consumption, lubricating oil used, speed actu- 
Fd obtained and method of transmission.‘ Shipbuilding and. Shipping 
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pA By Rew” saber" Pabihed : MeGaAw-Hi. 
Book Col, New York... 262 pp.,/110 ill... in od'l 


“Steam Bomars, By, BM, SHeALy: “Pablidtied ‘by Me. 
Graw-Hm, Boox' ‘€o.; New York 356 Pps 185: Hot ctoysiq 

1° SPEAM ENGINES. ‘By: Ev: Mi ‘GSHEALY: | Published by. Me- 
Gkaw-Hitt, Book Co.. New York,” 200 pp,. 173 ih? 

The above is'a set of text’ books’ for correspondence students 
in the University’ of Wisconsin Extension Division: The: set 
forms a very useful; library, for, operating. engineers: ‘and’ fire 
teri, writtet’i in, as. ton“techriical’ ‘style’a as’ ‘possible: ee 

“Heat? first treats the: furidamentak: laws: governing genera: 
tion,. transfer and transformation of heat and, illustrates these 
laws by’ familiar’ examples in ‘suich mannet ‘a as. to’ treate’ anid 
hold: the reader's: interest. ioThese daws:are: rdollawed » by. a 
simple treatment Of steam. sind the! vdtious niedia’ fot'teftiget- 
‘ating’ machinery. 'oThe principles of ‘st ‘Steam and gas engines, 
refrigerating: ‘machines ‘and" ‘air compressors. sare treated. dna 
practical ” manner adapted. i, the: ‘dgeds Ff; ‘the: ‘student,’ i 
cape : Tive. pstst Bb “SR TE TE tio rh, sd ob actin tel 

“Steam Boilers’ ite ‘weitieni pi the: practical: sman—the “4 
man, the man in charge. Fireroom equipment and the 6pera- . 
tion of boilers is stressed, little space being devoted to design. 
Fuels and the theory of combustion prepares the student for 
the sections on firing and smokeless combustion. 

“ Steam Engines” ‘treats of the fundamental principles un- 
derlying the operation of the steam engine-in such a manner as 
to enlist the interest of the average operating engineer. Of 
- the nineteen chapters, six deal with valves and valve gear; the 
reason for this large proportion is given by the authar:because 
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his experience shows that’ this: is: ’a/ subject’ least known by 
operating! engineers.’ Chapters! on! condensing! appafatus) and 

lubrication, engine testing and governing distinguish teem 
etcetera rite Sangin Gis eli st re eaey ci 
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SHIP; Seeman ‘AND ‘Suse “By. Puacy. hi m eprtinee 
was reviewed in the/ilast issue of jthis Journal. ;,; The,,U..S. 
ptiblishers! are D... Van. cheenions ican dew York, . iN Xl 
{tome santas sills 


Bate lanes Sunsic: come sth jg . By. Je WeM: 
SOTHERN..“{ Published iby D. Van, Mosapan Co:, New saalde 
N. Y. 756 pp., about;700dHed oy fore 

This new edition (5th) of. this naidaatin wait es fi 
enlprayd by more. than 200 roe and. 350 illustrations, over 


sia i RI fie’ ‘the new ssaneciat ‘incorporated . in- 
cludes : Impulse Turbines, Turbo-generators, Double Reduc- 
tion Gearing, Marine Electric Propulsion, Michel ‘Thrusts, 
Fi ecb Regulators, ‘Torsion Meters, recent developments i in tur- 
bine practice, and a “section has © been added on the practical 
operation Bf: marifie turbines,’ containing much valuable data 
from actual | tests and trials.” This latter section should be of 
particular inferest and Value to the operating” engineet. eet 
rae other new | material | there is included a “reprint tof 
Mr. Rol: anid, S. Porthiam’s ‘Dap e read’ before: the: Institute of 
Engineers and S ipbuitders 4 n Séotland, on the | - Ljung on 
turbine and its ‘application to marine propulsion,” “witht a “fall 
descripti n ‘of the installation of Hees ma ‘Turbine: Ma- 
chinery on the S. Ss. Pulsty Casite.’ See “Proc. c. A SN. E, ‘ 
Nov. 1918.) tot Shrowbserl dvt finsi¢ juq Oo! 
The unusual profusion ‘ bt ‘lasfations hei thi book most 
fae os anne an Nes adds very materially to its value as an 
educatiotia No’ pains have been ‘spared in this” fespect. 
An elit wi for — ahgineersb book’ shelf. 
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Recruit Manuva, By Grorcr C. THores; Colonel, U. §:; 
M: :C.:': Published «by J.» B: Liepincorr -Co., | Philadelphia. 
168 pp. 

- This manual is intended to excite p<the recruit’s interest: by 
answering the many questions propounded in the beginning. 
This is what the author terms “the psychological moment to 
seize upon his interest and to fix a spell upon him that will 
keep his interest going.’’ General instructions to the recruit, 
simple methods of learning signalling, the manual of arms, 
the rifle and how to handle it, first aid measures, extracts 
from ‘Articles for Government of the Navy,’ and a military 
glossary’ ate some of the features of this work. Pocket size, 
it is the best recruit manual we have’ seen. 


MEss MANAGEMENT, by CoLonEr, Witi1AM E. Dunn, 
344th Field Artillery. J.B. Lippincott Co. 16mo. Flexible 
cloth, $1.00 net. 


This small volume, which can be carried in the pocket, is a 
guide for mess officers on how to organize and how to super- 
vise the operation of the mess, so as to insure the men being 
well fed on the Government money allowance for food. It 
contains detailed directions on how to keep mess accounts, 
how to plan menus, sample menus being included, and how to 
plan purchases. 

When it is considered that an army is said to fight on its 
stomach—for it is certain that no body of ill-fed troops can 
possibly be effective for any length of timé—the importance of 
making the best possible use of the food-mohey allowance is 
seen to be a vital need. ‘The secret of running a good mess is 
to put plenty of effective headwork into it. Colonel Dunn’s 
practical manual will aid to make this headwork effective. 


GEORGE WESTINGHOUSE. His Life and Achievements. By 


Francis E. Leupp. Lirryz, Brown anv Co., Boston, 1918. 
Cloth, 6-x 9 in., 304 pp., 5 pl., 6 portraits. $3. 
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Mr. Westinghouse’ counted many ‘readers‘of this ‘Journal 
among: his ‘friends’ arid this. ‘volume: will hold: ‘special ‘interest 
for them. ‘It deals’ with: the: personal side of .Mr. -Westing- 
house’s-career... Mr. Leupp: frankly confesses. that the mission 
of this.volume jis,“ simply human.”, No one. could read. this 
biography of one of the, most, prominent men. of his, time. in 
the industrial, world without receiving inspiration therefrom. 
it points a strong moral for the young man of today. 

Compiled without the aid of diaries or files of personal. cor- 
respondence; and relying upon the memory of. associates, 
wewspaper and magazine articles, and, the like for data, Mr. 
Leupp deserves great credit for giving. us this'true human, pic- 
ture of, the wonderful.character of this man. 

Engineer, inventor; administrator, business man and. father. 
to his large industrial family, Mr. Westinghouse worked. so 
successfully in so many lines that this work should have its 


companion piece dealing with the technical side of his career. 
Who will write it? 


Navat Power In THE War. By C. C. Git, Commander, 
U. S. Navy. Grorce H. Doran Co.; New York, N. Y. 302 
pp., 11 maps and diagrams, 9 ill. $1.50 net. 

Commander Gill performed active service during the war in 
the Cruiser and Transport Service and can write as an au- 
thority on this subject. He has put the story of the Naval 
operations of the war to the date of signing the armistice 
into excellent brief shape. 

The opening naval activities of the war, the Battle of Jut- 
land and other major actions, the results of such actions, sub- 
marine and anti-submarine warfare, the part this country 
played in the naval activities, the transport and convoy system, 
all lead to the concluding section which treats of the Naval 
Lessons of the War. 

The whiole subject is graphically treated. This book is 
approved for use as a text book by the Academic Board of the 
U. S. Naval Academy. 
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» Practica, Surp)'\Propucnion. }:By> Av: Wie CaRMICHAEL, 
Lieutenant! Comimarider,, CCly Us; 8. | Navyu: ‘Published. by; 
McGraw-Hir1, Book Cos, .New; York.!; 250 pp.) 101 illy>:! 

 This*book ‘presents’ ifi Convenient form the most important’ 
general principles of ship design’ and’ construction: The treat- 
merit is practical’ rather than theoretical and is intended ‘to fit 
the practical engineer or production ‘man, who is’ well grounded 
in mathemiaties and’ the —— ee to’ turh ~ tal- 
ents to shipbuilding. © 9051 3 eno 

To workmen iti the shipyards this fotieia is? inciea recom 
mended. Its conterits’ include the requifemients ‘and general: 
des¢riptions of ships, stractural’members and-design of ships, 
shipyards, preliminary “steps? in ship’ ‘construction; ‘and ‘the 
building of ships. Within" its: aeecenmund nee the beet. book 
—, ity'this Rieke. //.01. -cluast Istieubat ggrst, 2ul_oi 
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“Ro ensure as of your Journal secuiatie ithe: aiialer 
of your keeping the|Secfetary adviséd of your! address: ‘at all 
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‘The followingy members and associatés have: joined. the’So- 
i since the publication of the last dass ar 
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Astoria, Philip, Lieut.,.U.S.N, isis] 
Bandura, Oseat/F;; Lieut., Us S..N. 
-e5Durgin, Calvin T., Lievt., Ui Sul. 
Grommer, J. G. B., Lieut. Commander, U. S. N, 
Hobby, Thomas F., Lieut., U. S. N. 
Kershaw, Herbert E., Lieut., U. S. N. 
obMayville:Armand; Lieut. (CC),'U1S..N: 
| Qwen} W, C.,\Cormmander, U:'S. Nu: 
a Tent ee Ni} Capt. of ngs rast! 
ft oot Van t , 2IvI9qu bir mod ovarl joint 
oniblint SSOCIATES.. if etoméapbsod ii 
< OeRith Of) N2 W.'1098 Harrisot? iis smetsitidelG ‘Pa. 
il Blankentord Leese 8/915 Drexel Building; Philadelphia, 
Pa. Jnitteth teri 
20 Beret, Fi Vip96 'Gak Sti, Facksorivilte: Bigiizoriso yor! 
Burch, Charles H., Lieut., US.UN2 RG Poat tH? lo conil [ls 
Chapman, Lawrence B., Electric Boat Co., Groton, Conn. 
Collett, Eugene, 1134 50th St., Brooklyn, N. Y. 
Cooper, Lewis M., Lieut. U. S. N. R. F. 
Eriksen, O. E., 1825 Market St., Jacksonville, Fla. 
Hawthorne, W. G., 115 Broadway, New York City. 
Hocken, Barry, Engineer Commander, R. British Navy. 
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Hoyer, K., care Newport News Shipbuilding and Dry Dock 
Co., Newport News, Va. 

Hubbard, William E., Lieut., U. S. N. R. F. 

Hymans, F., Glen Ridge, N: J. ’ 

Knight, A. Raymond, South Eliot, Me. 

McGarvey, Joseph T., care American and British Manufac- 
turing Co.; Bridgeport, Conn.) 9) | 

Petrie, G.Rollo, P: 0. Box 952; Newpatt Neier: Va. 

Phillips, H. M., 1211 Fern St., N. W., Washington, D.C. 

Seward, Herbert L., 966. Townsend: Ave., New Haven, 
Conn. 

Slocum, Stephen E., Prol., Univesity of Cincinnati, Cin- 
cinnati, Ohio. 

Smith, Alfred O., Lieut., U. S. N. R: F. 

Westwater, A., P. O. Box 237, Everett, Wash. 

Yarrow, Harrold E., Yarrow & Co., Ltd.,; Scotstoun, Glas- 
gow, Scotland. 


ANNOUN CEMENT. 


Tue Terry STEAM Topsrne ComPany makes the de- . 
ferred announcement that since the death of Mr. Charles’ E. 
Hague in April, 1917} their interests in the Philadelphia Dis- 
trict have been under the supervision of Mr. V. L. augue 
with headquarters at 605 Widener Building. 

They further announce that.Mr, James H. Weir has seins 
become associated with them as assistant; to; Mr. Sanderson in — 
that district. + 


They earnestly solicit. requests for enginecting advice slong 
all lines of turbine SRO 





